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The subject dealt witli here is that of grinding as employed in 
engine(!rmg niacliinc^ shops, and is one whicli is, for several 
reasons, of continually increasing importance to inaniitactvrerJ. 

'rh(! hook has been wrii ten in response to the frecpioBtl;^ 
expr(«sed wishes of engineeis. works managers, and machine 
operators, that I should give them detailed information, often 
of a charact(>r beyond that which could easily ho dealt with 
in conv(!rsation or hy teller. As such readers are familiar 
with oi'dinary worlishop practici^ and tool details, these matters 
are as a rule only referred to hrielly; hut the nature of many 
of the inquiries addressed to me for advici'—not on grinding 
only, but on many other ((uestions a,s (o plant and methods of 
jiroduction —has led mo to the conclusion that the suhject of 
grinding could not he ad(M|uately pri'seiited without som(‘ brief 
treatnu'nt of various to))ics connected with it. 

'I he hook has heefi planned so that the wlude suhject is 
presented as systematically a.s possible, and so a.s to lay hare tho 
•easons underlying tho various ma,tters. IJiarn a knowledge of 
these depends a sound judgment as to whali is suitahki jilant, 
it the possihiliti(>s of the ])rocess, and concerning the b(>,st mode 
iKv.sin^ tho machinery. The Table of Contents fully indicates 
the arrangement of the hook. 

I have treated th(Vvi>xcd suhject of work speeds tirst from 
the point of view' of th(! best modern practice, and then intro- 
.luced»ray theory of grinding. This was lirst ])uhlished in a 
[)apGr before the British Association for the Advancement 
jf Science in September 1914. It dispels tho current belief 
n a standard work speed, hut otl'ers in return an explanation 
}f the phenomena encountered, and supjilies the host methods 
)f mooting tho various difficulties. 

The machines illustrated have boon carefully chosen with 
regard to the ends in vi(nv, a»d in tho selection a preference has 
ilways been given to those of the juoneer firms ; machines tti 
j^y own ^design* have, how'cver, only been introduced as illus- 
■sating special points, e.g. tho automatic steady, whicli cqiih^ 
lot* otherwise be shown. Machines have throughout been 
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treated from the point of vievv of the grinding process, and not 
as interostiijg examples of mechanism, so that unless the detail is 
difectly connected with grinding the description is as brief as 
is (;omj)atil)le with lucidity. ( 

The vari^is problems pre.sented by different classes of 
work have been tn^ated in tlit! same marmor. The reader will 
detect thi'se various phenomena under other guises and, under¬ 
standing the nature of the case, will treat it appropriately, 
j The feeds used and the errors involved in grinding are so small 
that' in a numbei' of the illustrations some of the dimensions 
•-are very much exaggerated for the sake of clearm-ss ; in all 
cases, however, the fact, is (|uite evident, ii.n(l can lead to no 
inisapjirehensiun. 

Where the best metliod of pres(‘nting any matter has involved 
tb(' use of equations, the r('sul1,s havv^ been also given in ordinary 
language so as to lie a\'ailable to any reader. 

Where niy opinion is expressed, ))art,icularly if opposed to 
current belief, I ha\ (‘ written in the first person. 

’ My thanks foi- photographs of and information concerning 
their ))roducts are due to the following linns and their agents: 
Me,s.srs. The Amei’ican J'linery Wheel Works Co., Sir W. G. 
Armstrong, Whitworth & Co. Jjtd., Charl(‘S tl. Resly & Co., 
Beyer, Peacock & Co. Jjtd., The Blanchard Macbine'Co., Tlie 
British Abrasive Wheel Co. Ltd., Brown&Sharpe Manufacturing 
0((.. The Bryant Chucking Grinder Co., The Carborundum Co., 
The (iincinnati Grinder Vo.. The Daimler Co. Ltd., Gn'cnw'ood & 
Batley, Ltd., A. Harper, Sons. A B('an, Ltd., The Heald Machine 
Co., Alfred Herbert, Ltd.. ,lohn Holroyd & Co., The^TiOrit®' 
liniery Works Co. Ijtd., Junnsden Machine Co. Ltd., The 
Newall Ufanufact iiring td. Jdd, Th(> Nortoji (Trinding tk)., and 
the Norton Co., Pratt & Whitney Co., Hans Benold, Idd., R. 
Sterne A Co. Ltd., Walker tlrinder (k)., Willmarth & Morgan, 
and moi'e ('Specially to Messrs. The (ihurchill 'I'ool ('o. Jjtd. and 
the bandis Toid Co., who made a number of drawings especially 
for this volunu'. 

The beautiful microphotographs^of Figs. 2 to 8 were kindly, 
made for me by Mr. 0. F. Hudson, Jaecturer in Metallurgy at 
the University of Birmingham. I am further obhged to the 
authorities of the Municipal 'J'edinical School, Birmingham, 
Sox the loan of the a])))aratus with which T made the microphoto- 
graphsjof Figs. US tel.a. 

J. J. G, 

liEAMIMllTON, lOlf), 
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CHAPTER I 

GRINDING AND MANUFACTURING 

Grinding.— In modwn machine-shop piiiclico the term ‘grinding’ 
has now acquired a deiinite moaning, and is confined to the 
shaping of material by means of rotating abrasive wheels of 
practically rigid substance. The shaping may be done by hand, 
as in sharpening a lathe tool on a grindstone, or may be a me¬ 
chanically guided operation, as in the truing-up of a hardened 
steel mandril in a grinding machine, but owing to the im- 
liortance of the latter work the term ‘ grinding,’ or more definitely 
^plfeisian grinding,’ as an operation, is practically confined to 
it. As opposed to turned or milled work the quality of ground 
work which first makes itself appreciated is fineness of surface ; 
this, hoyvever, is surpas.sed by that of polished work, which 

does not possess the first characteristic of ground work_ 

namely an accuracy considerably surpassing that of work 
produced by ordinary cut^ng tools. 

Polishing and Lapping.— Polishing consists in removing 
the small inequalities of surface by rubbing the work with 
soft material charged with abfasive powder. J}y using succes¬ 
sively finer powders the material is removed by smaller and 
taller arilounts'with a corresponding improvement « the 
quality of tbi surface. To do this work rapidly the soft 
matenal is made into bohk or belts and run at a very high 
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rate of speed,_ but as this soft material follows, the larger 
irregularities of the surface of the work, the result is that 
accuracy is not a feature of the process. 

The accuracy given to certain work by machine grinding ' 
can be improved by lapping (Chapter XII), which consists 
in making a lap (or piece of metal, or other material softer than 
the work) to envelop the work, charging it with abrasive, and 
working the two together until a better lit is obtained. This 
is slow process, and demands much care. It consequently is 
only used in those operations for which the accuracy of form 
or the quality of surface given by grinding is insufficient. 

Both grinding and lapping are really cutting processes 
when closely looked into, and in the heavier kinds of grinding 
chips which can bo handled are produced. 

Although the use of grinding or abrasive processes is 
of primeval antiquity, and grinding machines have long been 
in use, it is only of recent years that machine grinding has 
become one of the recognised shop operations. At first applied 
to the manufacture of gauges, hardened steel spindles, and 
to the cutters and mandrils of the shop, now all the more 
accurate parts of engines, motor cars, machine tools, sowing 
machines, and machinery in general are ground, and the use 
of the process is extending to pieces in which the precision 
is not of such importance. 

A number of causes have combined to effect this rapidly, 
and a review of these will assist in the formation of a broad 
judgment of the possibilities of the process, of its nature, 
and of its limitations. 

Mechanically guided Grinding.—It is not so long ago that 
turning was a mechanically guided operation only in so far 
that the work was carried between! centres, as the slide rest dates 
back only to Maudslay; yet now the art of turning metal by 
hand exists as a commercial process in very few trades—such 
as axle box making—and almost all manufacturing machines 
using steel tools have them mechanically guided. 

T^at this substitution of mechanically* guidecl for haSiff 
guided tools has taken place is, by the nature''of comniefcial- 
progress, due to the fact that it results in a ^cheaper ^oduct, 
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and this economy is due to the comparatively unskilled labour 
whish can be employed, and to the opportunily iV offers of 
speeding-up the process. After mechanically guided tools 
became usual, the appreciation of accuracy became more 
possible, and so a Tvay was opened for the employment of 
grinding as a productive method. The replacement of a steel 
tool by a grinding wheel was first adopted to deal with the 
problem of hardened work—the correction of distortion due to 
the process of hardening; in France grinding machines are still 
termed ‘ Machines a Rectifier.’ In its early days the process, 
although it gave more accurate results than turning, and 
produced a superior surface, was so tedious that it was con¬ 
fined to those cases where the requirements warranted the 
expense, e.g. the spindles of machine tools. Single point 
diamond tools were sometimes used on very small hardened 
work, but the expense and difficulties encountered were great. 

Modern Manufacturing.—Following the development of 
the steam engine and machine tools, with the resulting spread 
of the facilities for making machine parts, came the develop¬ 
ment of modern mass production, involving the use of special 
small tools of ad\anced accuracy. This called again on the 
use of mechanically controlled grinding for the purpose of 
finishing and sharpening these tools, and for the production 
of tlje gauges simultaneously required. The old process of 
making a reamer, for example, necessitated several careful 
annealings and operations removing little metal, and a then- 
satisfactory reamer was an inferior and expensive tool compared 
with thoiS’e finished by the grinding operations of to-day. 

These demands resulted in the production of machines—the 
universal grinding machine|and the cutter grinder—lor the 
^nufacture and sharpening of the special tools, and the 
production of gauges and other hardened parts. The capa¬ 
bility of dealing with hard steel (due to the very much harder 
nature of the abrasive particles'of the wheel and their freedom 
afrom heat effects), and the adaptability to precision work (due 
tawthe sharp edges of the particles taking a very fine‘chip, 
with little nomial force), are the properties which render the 
grinding* process especially suitable to the requirements of 
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fool manufacture. Prom this footing in the tqpl-room, the 
process of grinding has extended, aided ‘by improveiflents 
in both wheels and machines, until to-day mechanically 
guided grinding machines have a place in all manufacturing 
shops when! accurate work is required, and not on hard steel 
parts alone, but on many classes of material. This could 
not 1)0 so unless the grinding machine produced work of certain 
required accuracy or of other desired qualities, at a cost un¬ 
mistakably less than it can be produced ai, by other processes. 

It would be premature to discuss here the que.stion of the 
advisability of ado])ting the process and installing the machinery 
in any special case ; knowledge to this end is to be gathered 
throughout the book, and the matter is again referred to in 
the conclusion, after the nature of tlio process, the trend of 
modern development, and the reaction of this art upon other 
manufacturing methods have been considered. 

For reasons which can l)e easily understood, the process, 
of grinding is more accural.e than tlnit of turning, and less 
accurate than that of lapping und(!r proper conditions, and 
the surface produced corresponds fairly with the accuracy. 
When using (liesc three processes williin limits of iiccuracy 
easily attaine<l by them, the cost is generally least in the 
roughest process—that is, with the single point cutter—and is 
greatest with la))ping; Imt as any particular limit of accuracy 
is made hner the cost of finishing by the rougher' processes 
increases very rapidly. Hence if we are fixed to certain 
limits of accuracy it will prove to bo cheaper to finish by 
grinding than by turning, or by lapping than by .grinding, 
according partly to what these limits are, and partly to the 
character and condition of the machines and appliances avail¬ 
able. Speaking generally, therefore,. work necessarily of a 
very high dc'gree of accuracy .should be first turned, tbefl* 
ground, and finally lapped. 

Accuracy is compulsory. —The limits of accuracy required 
are therefore of primary importance in ^determining what, 
procl'sses should be used in the productibn of*a part 
machine, and whether grinding is desirable orNiecessary.’ 

In order to be satisfactory, to run and wear well, machinery 
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demanda in ita construction certain accuracies, due to properties 
inherent in the nature of the materials employed, the use 
to which they are put, the oil to be used in the bearings, &c. 
These are the primary factors which enforce limitS upon the 
dimensions of machine parts. These limits may be very liberal, 
and attainable by mere careful casting or forging, or they may 
be very narrow, and ro(|uir(^ very accurate workmanship to 
meet them. Of the fonmu’, many loom and agricultural 
machine parts are illustrative: and as an example of *tho 
latter we may tak(^ the case of a forced tit, where a cylindric*al 
]Mecfi is forced by a press into a bole slightly smaller in 
diametei- than itself—say a wheel and axle which rotate to¬ 
gether. Consider this case riion; closely. 

Supposing that the female part or hole is made first, it 
is necessary that the plug .should be made a certain amount 
larger in diameter than the hole, else it will be loose, or at 
any rate insufficiently tight when forced in; on the other hand, 
it must not exceed it by a certain (other) amount (dependent 
on the external and internal diameters of the female piece 
and the material of the parks), else it will bo irapo.ssible to 
force the plug into tho hole, or damage will result in doing so. 
These considerations determine certain dimensions between 
which the diaimder of the plug must lie ; the stresses in the 
parts of the forced lit, and tho force necessary to press the 
parts together, or to turn the plug inside tho hole, will depend 
upon the })articular diameters to which the parts are formed, 
but their amounts must be within a satisfactory range. The 
margin diameter or the limits are therefore determined 
for any particular case by the elastic properties of the material 
used. 

Beyond this, the qualit/\)f the surfaces, and the nearness 
"i^ithe material surface to the ideal geometrical surface (if one 
may express it so), affect the problem; more so, however, in 
cases of running lits where there is wear than in the forced 
fit example which we have taken. In all cases, however, a - 
cg^fain maximum tand minimum difference of size is enl^iled 
by the physical properties of the materials. 

Limits, Tolerances, and 'Allowances.— When the problem 
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is extended from the production of a single ^aft for one 
particular! hole to the case of manufacturing these parts ip 
quantity, the matter becomes a little more complicated, as 
the holes will vary in diameter amongst themselves in what¬ 
ever way they arc produced, and it is very desirable that 
manufactured parts should bo interchangeable. 

Our physically controlled limit of difference of fit has 
then to bo divided into two jiarts applicable to the two parts 
of 'the tit. From the point of view of manufacturing one 
particular tit, the division of the allowable margin (between 
the male and female parts of a lit) should be such as to make 
the cost of manufacturing the particular parts of that fit in 
quantity a minimum; but for manufacturing reasons the 
margin is divided according to broader considerations, with 
the result that it has become possible to make ‘ limit ’ gauges 
for the different classes of tit commercial articles. 

It should be observed that owing to the difficulty of working 
close to the actual size of a gauge, parts—whether male or 
female—^made to limit gauges come regularly well within the 
limits, so that when a physically determined margin is divided 
betw'eon two sots of limits, a little may safely be added to its 
amount. 

We have considered the hole to have been producedvfirst; 
if a shaft bad been required to be a running tit in the hole it 
would have been made to a somewhat smaller diar*xetef than 
a shaft to bo a press tit, so that it would rotate easily and 
provide room for oil. In quantity manufacturing the holes 
would all be made the same size within the small limit allowed, 
but the shafts would have different diameters (each with its 
limits) according as they were to bo press or running fits. It 
would, however, be a matter of idrdifl'erence whether the holes 
or shafts were actually made first. - 0 ^ 

The sizes in this case are said to be on the hole as a basis, and 
there is one set of limit gauges for the holes for whatever 
purpose they are intended; the variations for the various 
typqf of fit being made on the shaft, there being different g^ts 
•of limit gauges for the shaft according to the ptepose of the fit. 

The Hole ana Shaft Basis. —This is shown in Pig. 1, in 
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which the proportions are distorted for the sake of clearness. 
There is h^re one gauge A for the hole, the nominal size of 



'Thinnest OH Film 
' Thickest OH Fllifi. 

Kio. 1.—Gauges on the Hole Basis 


■^hich IS IJ inch*. To be satisfactory the hole must be sach tlmt 
the long ena of the gauge, 1-250 inch in diameter, must go into* 
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the hole, while the short end, which is 1'251 inch in diameter, 
must not CO in. The hole is made of a size Within these 
limits, whatever the purpose for which it is to be used. 

Shafts to be a running fit in the hole are made to the flat 
gauge ]!, the large end of which, 1'2486 inch across, must 
pass over the shaft, and the smaller end, 1-2475 inch across, 
must refuse to do so. 

The sliaft is drawn inside the hole, the sectioned circle 
showing the smallest shaft which will jiass the gauge, and the 
circle just outside it the largest.; the largest hole is shown 
in a part which is sectioned, and the smallest hole which will 
satisfy the gaugi' indicated by the circle just inside it. Thus 
the cross-hatched portion shows the oil in the case where the 
fit is the closest; if the fit were the slackest which would 
pass, the two clear rings will also represent oil. Actually the 
fit will not be near these extreme cases. 

The difference between the two ends of a gauge is called 
the ‘ tolerance,’ being the error allowed in the work. For 
exam})le, the tolerance on the Internal Limit gauge is here 
1-25] -1-250 inch, or 0-001 inch. The difference between the 
size of the hole and of the shaft is called the ‘ allowance ’ for 
the particular pm-pose of the fit. 

The upper External Limit gauge (' represents the gauge 
for a shaft to he a driving fit, necessitating a press to force 
it into the standard hole. Here the -Hfidths across the gauge 
faces are 1-252 inch and 1-253 inch respectively, and the shaft 
will be on the average 0-002 inch larger than the hole. On the 
left the two full circles indicate the limiting sizes of the hole, 

" and the broken circles the extreme diameters (greater^ of the 
shaft which is to be forced into the hole. 

Here the shafts are made of (Jfiferent sizes for different 
purposes, while a hole of the same size is used for all purposes.^ 

The shaft may, however, he used as a basis; in which 
case all shafts would he the same size (within the invariable 
hmit), and the holes would vary between different limit ranges 
according to the type of fit required. 

, , Opffiions are divided as to the merits of tlie two systemsr 
As the great majority of holes are convenienfly produced 
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close to size by reaming or broaching, and as the cost of extra 
sets of thele tools for producing the holes, of pandrils to 
cope with the various diameters required by the shaft-basis' 
system, and the difficulty of storing them is considerable, 
the hole-basis is initially the less expensive, and I consider 
it the more suitable for firms manufacturing in moderate 
quantities. To meet the requirements of such customers, the 
firms making a speciality of the production of limit gauges 
are inclined towards the hole-basis system. It is initially 
convenient, which leads to its establishment, and hence to'its 
permanent use. 

For very large quantities the shaft-basis presents the 
advantage that tools made originally for the larger holes 
(i.e. the running fits) can, when worn, be reground for the 
smaller allowances (e.g. a press fit), which is a saving, and 
the initial expense is not of such serious import with the 
quantities. As regards the effect on design, there is little 
difference in the .systems ; the shaft-basis makes less machining 
with a little more trouble in fitting. Iiimit gauge sets are 
rather cheaper to make on the hole-basis. 

While many engineering firms work upon the hole-basis 
system, the shaft-basis has received the seal of the approbation 
of the Engineering Standards Committee, who have carefully 
considered the opinions and practice of many firms. They 
have>issqed a list of allowances for the various running fits. 

Some years ago Messrs. The Newall Engineering Co., Ltd., 
then of Warrington, but now a branch of Messrs. Peter Hooker, 
Ltd,, compiled from general British and Continental practice 
the sots*ot limits given in Table I and II, pages 423-4, which 
result in satisfactory fits on the English and Metric systems. 
They should bo compare\with Table III, which represents 
kSJessrs. Brown & Sharpe’s practice. I have ventured to 
rearrange the form of the matter which these firms courteously 
allowed me to use. I have us§d the limits given by the Newall 
Engineering Co. for much of my manufacturing work, and 
have founc^themjto be satisfactory. 

Practically for manufacturing purposes specially fixed limits, 
have often to be used, and also the two systems may be 
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combined when appreciable advantage is to be obtained 
by it. Foj example, the hole-basis system may be*used in the 
manufacture of a machine, and the shaft-basis for the counter¬ 
shafting. 

In working to those or such limits, various gauges and 
measuring contrivances are used, and it must be borne in 
mind that these gauges and the tools used must possess a 
higher degree of accuracy than that of the limits themselves. 

The limits and tolerances are fine, running into fractions 
of the thousandth of an inch—this being rendered necessary, 
as explained above, by the elasticity of steel, the. thickness 
of the oil film in the bearings, &c. 

The fineness of these commercially necessary limits tends 
to make good machine work expensive, and puts a premium 
on the use of machines and tools which have initially high 
accuracy, and in which it will not bo impaired with undue 
rapidity in use. Those machines and gauges make the capital 
cost of plant for interchangeable manufacturing very high, 
but it is to bo remembered that accuracy of parts to limits 
materially reduces assembling costs. It is cheaper to make 
to a fine limit, using a gauge, than to a wider one and trying 
the actual parts to lit, so that the product may bo not only 
superior but cheaper. The controlling factor in these cases is 
the quantity of the repetition work. 

It will be seen that these natm-ally (physically),enforced 
limits are such as tend to make work expensive when the finish¬ 
ing is done by turning, assisted by filing and the use of emery 
cloth for finishing. As shafts and external work, Jiowever, 
within these limits can be easily produced very economically 
by grinding, now that the principles underlying the successful 
employment of the process are/becoming understood, and 
wheels and macliines made in accordance with them, tb^i’ 
grinding machine finds an increasing field of usefulness In 
soft metals such as mild steel and cast iron, holes within the 
limit can be cheaply produced by reamers and broaches; when 
the material is very hard, grinding frequejitly proves more 
economical, while holes in hardened steel must b^ ground where 
truth and economy are requisite. It is essentially the demands 
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for these degrees of accuracy, and for the corresponding quality 
of surface invoked, which is extending the ush o^the grinding 
machine so rapidly, since it here shows economy over lathe 
work. 

As accuracy is the first quality looked for in ground work, 
it follows that fine workmanship is essential in a grinding 
machine. To explain what is meant by fine workmanship is 
impossible in a book, and to this extent any literature on 
the subject is bound to bo defective. Appreciation ot it is 
not attained by every oiio in the shops. The accuracy of 
the work produced by any machine depends upon the design, 
material, and workmanship, condition and the handling of 
the machine ; and to produce work economically the machine 
must possess such accuracy in itself and be such as to perform 
the work with little trouble. Apart from the requirements 
of accuracy, grinding machines have to meet the question 
of protection against grit, tho problem of high spindle speeds, 
and other difficulties, so that tho selection of grinding machines 
requires particular care. 

The substitution of a rotating abrasive wheel for the tool 
in a lathe produced the first form of grinding machine, and 
such a substitution is still useful in many cases, although machines 
specially designed for grinding produce better work much 
more rapidly. Let us now see what conclusions can be arrived 
at*by •comparing tho action of a rotating wheel with that of 
a single-point cutter in removing material from the work. 

The grinding wheel may bo regarded as consisting of a 
numltgr of very small tools hold in position in the wheel by a 
cemeiR;. The wheel is ‘ trued ’ by means of a diamond tool, 
BO that the points of a^ery large number of the small tools 
lie on the wheel sqrft^. By the rotation of the spindle 
the particular particles in use are brought into action, and 
each takes a cut on the metal of very small depth and width. 
The length of the cut depends on the length of the path of 
the particle in contact with the work. Thus in external grind* 
ing the l#ngth u short (say ^ inch or mternal 

grinding it js usually longer (say up to i inch), while if a cup* 
wheqj is used^ grinding upon its flat face, the length of cut is 
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considerable and may be several inches. Photographs of the 
small chips prodneed by these hne cutting peints^re shovra 
in Eigs. 14 and 15, and resemble the larger swarf from lathe 
tools. 

The Action of a Grinding Wheel. —The particles of abrasive 
arc bonded or cemented together indiscriminately in the wheel, 
so that the angle at which the cutting surface of a particle 
meets the work—which corresjionds to the top rake of a tool— 
varies'over a wide range, instead of being correctly suited to the 
material, as a shaped tool can be. It is the same with the angle 
of clearance btshind the edge of these cutting j)oints. On the 
whole, therefore, the cutting edges of the particles are presented 
to the work at most unfavourable angles. In the truing of 
a wheel by moans of a diamond tool, the proj(!cting edges of 
the abrasive particles are turned off, so that, regarded as cutting 
tools, their rake angles are unaltered by the process, but their 
clearance angles are made zero. 

The net result of this is that it loquires much more force 
per given area of cut, and therefore much more work, to remove 
the metal by grinding than by turning, planing, or milling. This 
difference of the amount of work is further increased by the 
very small chip taken in grinding (as a chip of small area requires 
relatively more force than a chip of larger area) and by other 
causes. The work represents that part of the cost of the 
operation which conies in the power account, and thesw cdsts 
are difficult to allocate. When, however, it is a question between 
roughing oil a largo quantity of metal by ordinary tools and 
finishing by grinding, and doing the whole operation frjm the 
rough by grinding, such as produemg parts from the forging, 
this cost is to be borne in mind, as it mav turn the scale in favour 
of the double operation. 

In the case of finishing work by grinding, this extra cost isi"- 
very aliglit, and need not be considered. 

Although the cut is very fin^ as there are a number of 
«utting points in action at once, and as the speed of the cut is 
so high (about a mile a minute), the power Vwhjch* must be 
•supplied to a grinding machine intended to give «, rapid pro¬ 
duction is very high ; hut with sufficient power t)ie time taken 
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—and he^jpe the total cost—^need not be uniavouiable to the 
grinding machine. 

The edges of the particles, being very keen (see Fig. 5, 
page 19), will take a very fine cut, ami the cut can only be very 
line, as it is controlled ultimately by the size of the particles 
of the abrasive in the wheel, and their bondage in the wheel; 
and this fineness enables dimensions to be obtained accurately, 
not only by its own nature, but also because the total force of 
the fine cut is small, and therefore less force is pul on the piece 
of work and on the machine than where a cut of greater sec¬ 
tional area is taken by an oidinary cutting tool at a very much 
slower speed. This taking of a very large number of very 
lino cuts, enabling accuracy of size and quality of surface to be 
obtained, and the comparatively small cutting force in action, 
are the features which lie at the base of precision grinding. The 
particles of giit are so keen that they will cut steel when the 
depth of cut is of the order of a hundred thousandth, and work 
can be ground to the ten-thousandth part of an inch. 

The rapidity of working will depend upon the number of 
cutting points in action per minute, and accordingly high 
wheel speed is of great advantage, for the numher of small cuts 
made per minute depends directly on the speed. It is, therefore, 
customary to employ as high speeds as are consistent with 
safety. The number of cutting points also depends directly 
upon the width of the wheel, and this reasoning leads to the 
employment of wide wheels, and arranging that as much as 
possible of the width of the wheel shall bo in use. 

As4he depth of cut is so small (of the order of xi/tnF 
usually), in order that there should be a largo number of cutting 
points coming into actions the wheel revolves, the wheel must 
be turned very true on its axis, for which pm’pose a diamond 
tool is necessary. A diamond is so hard that it cuts the particles 
of abrasive across while the cement or bond retains them in 
position. Por making a \fheel sufficiently true for rough 
purposes a ‘wheel-dresser’ (see Pig. 11, page 37)—which acts' 
by dislodging tSe outstanding particles of abrasive fipm the 
wheel—is cheap and effective. Soft cup wheels may also be 
trued»by its uge or with a piece of hard carborundum block. 
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For wheels working on the edge a diamond tool is essential 
when good w)rk'is requisite. * 

Continuing the comparison with a single point cutting tool, 
we next obsMvo that the chip in a lathe, whether it breaks 
off short or forms a long spiral, usually has no difficulty in finding 
room to dispose of itself in; room must also exist for the chips 
in the case of grinding, and unless tliont is room trouble must 
result. One of the great improvements in wheels has been the 
reduction of the amount of bond necessary so that the space 
between the particles of abrasive is not filled up, but the wheel 
is open and porous, affording space for iho chip as it is 
produced. 

Grade.—^As the edge of a lathe or other cutting tool gradually 
becomes blunt, so do the edges of the particles of abrasive 
which project slightly from the geometrical surface of the 
wheel, and act as cutting points. Although the material of 
these is extremely hard and uninfluenced by any temperature 
attained, the keenness of the small parts is gradually lost, 
and the force at the cutting point necessary to take the chip 
increases, not only owing to loss of keenness, but since the area 
of the chip section for a given depth of cut consequently in¬ 
creases. If the amount of bond or cement is suitable, the 
increasing force dislodges the cutting particles from the wheel, 
and as this takes place all over the surface of the wheel, new 
cutting points take the place of the worn ones, and the action 
of grinding proceeds. If, however, the particle is held in the 
wheel more firmly, the forces involved, the power required, and 
heat produced continue to increase until the work is burned, or 
other trouble occurs. It is evident that the amount of the bond 
or cement which holds the small c/tting particles together, 
and the corresponding hardness of the wheel (called its ‘ grade ’) 
should vary with the nature of the work. 

Grit.—As mentioned above, "tha depth of cut possible with a 
wheel depends upon the size of the particles of abrasive of which 
the wh^eel is composed; this is termed the»‘grit^ of the 
•wheel, and is usually the same throughout the wheel, though 
for some purposes a mixture is used. The larg^ grits suitable 
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for heavy cuts are distinguished by low numbers, and the 
small grits which'yield fine finish by means of’ligljt cuts, by 
higher numbers. It is not essential, however, to use fine grits 
to secure a satisfactory and fine surface, as by carefully truing 
the wheel—which is equivalent to shaping the cutting points 
into ‘broad cutting’ tools—a fine finish can be obtained with 
very coarse grits. 

Basis of the Accuracy of Grinding.—As the work proceeds, 
the wheel loses particles from its surface and wears down, 
and it is sometimes asked how it is possible to produce straight 
parallel work with a-wheel which is continually losing its size 
by disintegration. 

Suppose that the wear of the wheel alone affected the result, 
and that everything else was ideal in the ease of grinding a 
jiiece of work round and straight in a machine such as is shown 
in Pig. 29. The travel of the work would be exactly parallel 
to its axis, and the result would be that the work could be 
ground true within any limit which could be assigned, however 
small. For after the wheel has passed over the work and the 
cut lor the next travel put on, the wheel cannot wear down by 
more than the amount by which it has been fed forward, as if it 
wore down this amount it would no longer touch the work. 
So that by reducing the cross-feed as the work is ground nearly 
to sip, the amount of want of parallelism, being less than 
the finaf amount of the cro.ss-foed, can be made as little as is 
desired. 

This finishing of the work surface by an exceedingly fine 
cut whijh produces an insignificant amount of alteration in 
the shape of the wheel, is one of the fundamental points of 
precision grinding. Furth^, the cut being very fine, it produces 
little force, so that the •errors due to springing of the work are 
*Sfnall. 

For example, a hole might be ground out by a wheel taking 
a deep cut and fed once slbwly through; this would not 
make the hole parallel or to the taper for which the machine 
was set, fJr the*wheel would wear in the process—aiyi the 
work would «lso distort with the removal of the metal. On' 
some eKtemal work, where the wheel is large compared with 



16 


GBINDING MACHINEEY 


the amount of metal ground off—so that the wear^of the wheel 
is small—*rav*ersing is dispensed with, wifhout the loss of 
commercial accuracy. 

At these line feeds (say inch on the work diameter) the 
amount of wear on the wheel is very slight, and the effect on 
the work is commercially unnoticeable. In fact, when a 
number of pieces have been rough ground to within a thousandth 
or two of an inch of size, they may often be finished to size 
witfiout any apparent wear on the wheel; the number depend¬ 
ing upon the area of the surface to be ground. 

It is not always possible to arrange matters so that the 
wear of the wdieel has no effect on the work shape, sometimes 
for reasons of productive economy, but in general the method 
of working should be arranged with that point in view. 

These considerations of the nature and requirements of 
the process of grinding lead on to the methods by which they 
are met in the manufacture of the wheels and in the construction 
of the machines. 



CHAPTER II 


THE ABRASIVES AND THE WHEEL 

As the distinctive feature of grinding machines is the wheel, 
it is well to consider the properties and mode of action of it 
first. 

From the earhest days tools and weapons have been made 
and sharpened by grinding, at first by rubbing on flat stones, 
and later by the use of rotating wheels; also line particles of 
hard materials have been used for purposes of abrasion. 
Most of those natural abrasives are composed of either silica 
or alumina. 

Natural Abrasives.—Among those stones and abrasives 
which owe their hardness to silica may be mentioned mill¬ 
stones and gritstones, quartz and quartz sands, tripoli, and 
pumicestone. The hardness of crystalline silica is 7 on Mohr’s 
scale, which is rather harder than FosC, the cementite of carbon 
steels. Crystalline alumina is much harder, being 9 on Mohr’s 
scale (See page 488), and furnishes the natural abrasives known 
as Emory and Corundum. The diamond, which is crystal¬ 
lised carbon, is 10 on Mohr’s scale, but the difference in 
liardnoss ^'ctween Corundum and the diamond is very great. 
This step in the scale is considerable compared with the others. 

Silicates.—The effective\abrasive stones consist of silica 
particles held together by a uement of carbonate of lime, and 
o5!lir in great variety. The liner are used as hones, and the 
coarser, used as grindstones, hold their place in many manu¬ 
facturing processes. The principal hone and oilstones are the 
♦German, Washita (of various grades), Turkey, Canadian, and 
Arkansas; ttiey ai^ expensive, and seldom used except*for 
smoothing the •edges of tools. Some of the abrasive wheel 
Riakeft have plaeed artificial oilstones on the market, and 



18 GRINDING MACHINERY 

they possess, advantage over the natural stones in their 
convenieift shape, uniformity, and freedom from flaws. For 
producing a fine smooth edge on workshop tools such 
as scrapers I have not so far found anything better than 
Arkansas stone, which, however, is unfortunately very ex¬ 
pensive and also needs care in selection. 'J’he principal sources 
of grindstones in this country are Yorkshire and Derbyshire, 
frojn the quarries of which qualities suitable for mill- or 
grind-stones are produced. Stone of a finer grit is suitable 
for woodworking tools, the most famous quarries being 
at Bilston, which are unfortunately now beginning to be 
exhausted. 

Grindstones.—In Fig. 2 is shown the grit of which a Bilston, 
and in Fig. 3 that of which a Derbyshire, atone is composed. 
'I'hey arc magnified 20 diameters so that they may be 
conveniently compared with the photographs of other abrasives 
shown in the corresponding figures. 

For manufacturing purposes gritstones, compared with 
artificial wheels, are ii-t a disadvantage in that the grit itself 
is comparatively soft, and in that their smaller tenacity renders 
it dangerous to run them at surface speeds such as those 
which a modern abrasive wheel will safely withstand. They 
are, however, comparatively very cheap, and have a ‘ grade ’ 
particularly suitable for some work, and which t^e manu¬ 
facturers of abrasive wheels have only recently been able to 
produce with success. 

The stone is soft when quarried and hardens somewhat 
on exposure to the air. Owing to the mode of natural 
formation, grindstones may contain soft spots and be otherwise 
irregular in structure; in the wc4k for which they are em-. 
ployed this is usually of little moment. Mounted griij^- 
stones tend to come to rest regularly in a certain 
position, so that one portion may bo immersed in water 
for long intervals; this should be avoided, as it softens that 
part of the stone. 

The stones from the same district vary very considerably 
in hardness; the sand grains in some are blosely bobded 
together, and the stone is so hard that it is als6 used asliuilding 



THE ABRASIVES AND THE WHEEL 


19 


material, ftom <this the liardne.ss varies until there is so 
little cementing material that the stone can be easfiy disinte- 
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grated by the pressure of the lingers. Where the work consists 
of parts wiA delicate edges or points (e.g. razors and needles), 
such stones fire used, the harder stones being used on the 
rougher work. 


c2 
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A surface speed of 800 or 900 feet per minate, circum¬ 
ferential speed, is suitable for grindstones, although in manu¬ 
facturing processes they are frequently run very much faster. 
In those eases they must be held iii a strong mounting, such as 
is shown in Fig. 10. This compares unfavourably, in the light 
of what has previously been said about the advantage of high 
speed, with the corresponding 3500 to 7000 feet per minute 
at which artificial wheels an^ run. 

"As particles of crushed emery are so very much harder 
than the sandstone grit, it would appear to be an easy matter 
to produce artificially very much more effective wheels than 
those of natural stones, especially as with a strong cement or 
bond a much higher speed could bo used. That particular 
quality of softness of the natural stone, considered as a whole, 
in virtue of which the particles of grit are torn from the stone ' 
directly they become slightly blunt, so that the face of the 
wheel always contains sharp grit ready to cut, proved to be 
difficult to imitate. 

Emery.—Until recent years the principal abrasive used 
for wheels was emery, an impure form of corundum, that 
having the highest reputation coming from the Island of Naxos. 
Other sources occur in Smyrna, in the Pfalz district (Vosges), 
in Massachusetts, and in Ceylon. Naxos emery contains from 65 
to 65 per cent, of corundum ; other emerys from 30 to 55 per 
cent., usually about 40 per cent. only. About two-thirds of 
the impurities consist of iron (magnetite), and the remainder 
of tourmaline, of which the hardness is 7-5 (Mohr). The emery 
is obtained in masses, either shaly or having no definite slructure, 
and without definite planes of cleavage. It is not only hard 
but also close grained and tough; the non gives it a black 
colour. When crushed the particles retain these characteristic^ 
The excellency of the Naxos material and the small source of 
supply resulted in the supply, being ‘cornered’ abdut the 
middle of last century; the Greek Government now work 
the mines, and make considerable reductions^ to th^ Nation^ 
Debt as the result. Since the discovery in Canada of krj^ 
deposits from which nearly pure (90 per cent, or more) co^duni ' 
can be obtained, the importance of Naxos emery has rapi^,, 
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declined, al^ough the price of the corundum is about two and 
a half times that*of the emery. 

Corundum. —In Fig. 4 is shown emery and in Fig. 5 Canadian ' 
corundum grit, both being of size No. 60, and magnified 20 
diameters The emery particles appear to be somewhat 
smaller than the corundum—due to the mesh of the sieve 
having actually smaller spaces than in the case of the emery. 

Corundum is crystallised alumina (AIjO^), and when crashed 
the particles have semicrystalline appearance and sharpness. 
Pure crystalline alumina is colourless; the natural corundum 
usually bas a faint yellow tinge, but when the clear crystal is 
coloured by nature with certain metalUc oxides, the result is 
a gem, and such are (rhe ruby, sapphire, and topaz. The 
turquoise also is mostly alumina. 

The density of emery varies according to the impurities— 
from 8'65 to 4-05; pure corundum has a density of 4. The 
Canadian Corundum Company state that their product is 
practically pure, as they allow 2 per cent, of impurity only. 
This is an extraordinarily perfect refinement, and a much less, 
say 5 to 10 per cent., might be expected. 

As corundum is practically colourless, wheels made from 
it are coloured by the bond only, and are of a light colour: 
if emery be used in admixture the wheels are of darker shade, 
darker in proportion to the amount of emery, and the dark 
particles can be easily seen. As corundum is the natural 
product which stands next to the diamond in hardness, .and 
as emery contains 35 to 65 per cent, of impurity, it seems evident 
that aif admixture of emery will not improve the cutting 

properties of the wheel; it should, however, considerably lessen 
the selling price. ' 

Arllflcial Abrasives. Carborundum.— In 1891, by the use 
of the electric furnace, Acheson first commercially prepared a 
new abrasive, which was christened Carborundum, and cheim- 
cally was carbide of silicon (SiC), the weight analysis' 
being Si =i69-10,; C = 30-2—impurities 0'64 per cent. It had 
previously bgen prepared in the laboratory by Moissan, without 
its valpe beingjecognised. It is produced by mixing in the 



22 


GEINDING MACHINERY 


furnace, carbon 50 per cent., silica or aluminum silicate 25 
per cent., end common salt 25 per cent, by weight, fusing and 
then allowing the mass to cool. On the resulting mass being 
broken it is found to consist of crystals of a purple blue colour, 
formed on the hexagonal system. The sp. gr. varies from 
3‘171 to 3'214, and the hardness lies between 9 and 10 on Mohr’s 
scale, so that it stands next to the diamond. It is, however, 
brittle, while corundum is comparatively strong and tough. 
Acheson has made numerous improvements in the furnaces 
for producing the material, and considerable quantities are now 
produced by the Carborundum Company at Niagara, where 
advantage is taken of the low cost of electric power. Car¬ 
borundum is now also produced in France, Germany, Austria, 
and Canada, and for trad(! i)urpoK('S sometiiiK's masquerades 
under other names. 

When the crystals are crushed into fine i)articles tor wheel- 
making and otluu' purposes, the fragments are irregular in form, 
partly of a glassy and partly of a ciystalline fracture, and very 
keen edged, so that with its special hardness carborundum 
would seem to be an ideal abrasive lor the formation of wheels. 
In practice the wheels made of it are the most efficiemt for work 
on cast iron. The glassy smooth surface of carborundum 
makes it difficult for the bond to adher(! to it, and hence wheels 
made of this abrasive are apt not to be so regular in the grade 
as those of other abrasives. Particles of fiO grit are s'liown in 
Fig. 6, magnified to 20 diameters ; larger grits are more prismatic 
and irregular in shape. 

Alundum. —The electric furnace has since been eniployed 
in the manufacture of artificial corundum, denominated 
Alundum, by the Norton Manufacturing Co., who manufacture 
considerahlo quantities. Artificial corundum has been made 
in a small way for nearly a century, and for some years artificitS 
rubies have been manufactured by a building-up process, and 
were placed on the market as gems without reference to their ■ 
origin. The curious fact that in the rubies offered from 
certaiif sources the flaws were all spherical', while generally 
they are of distorted shapes, led to the tracing of the former 
to an artificial source. Alundum is produced *from batixite— 
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a pure form of clay. It is said that traces of chromium can be 
introduced into artificial corundum and render ft hp,rder than 
the naturally produced material. Corundum and alundum 
almost always contain traces of iron, which rendefs it much 
tougher than if it were purer ; the pure crystals are colourless 
and rather brittle. In their endeavom-s to improve the 
quality of their products the British Abrasive Wheel Co. 
have experimentally purified some of their artificial alumina; 
but it is questionable whether it is as good an abrasivP as 
crystals of usual impurity. In Fig. 7 is shown alundum sfze 
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No. 60 grit and magnified 20 diameters, for convenient com¬ 
parison f/ith Figs. 2 to 6 showing other abrasives. The fracture 
is similar to that of carborundum, but the fragments are 
rather leas angular. LiSo carborundum, alundum is sold 
^der other names. 

Abrasives differ in hardness, in tenacity, in angle of natural 
crystallisation, in fracture, in specific gravity, in resistance to 
high temperatures, and also In their purity. It is necessary 
that they should be unaffected by high temperatures, not only 
that the fifie edge’s of the fragments should withstand tl|f heat 
produced by*metal cutting, but also that they may not be, 
injured by the* temperature (about 3000° F., or 1650° C.) 
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necessary to fuse the-bonds employed in the vitrified process— 
which produc&s the wheels most generally useful in prerasion 
work. The specific gravity affects the speed at which the 
wheels can safely be run, but on these points there is so little 
variation between abrasives that the toughness and hardness ■ 
of the material and the type of fracture of the particles are the 
important differences. 

^irits.—After the abrasive is crushed into small particles 
thpy are separated into sizes, first by the usual rotating sieve 
process, and afterwards by rocking sieves, and the pitch of the 
mesh of the sieve gives the namt; to the particles which pass 
through it, but which did not pass through the one size smaller 
mesh. For example, the particles which passed through a 
sieve with 36 wires to the inch but which did not pass through 
the preceding finer mesh is called 86 grit. No. 86 emery or 
carborundum as the case may be, and a wheel made of that size 
abrasive is said to be of 36 grit. The illustrations of grit (magni¬ 
fied 20 diameters) show No. 60 grit, that size bemg selected as one 
in general use for many purposes. This method of sizing is not 
a very definite one, as the diameter of the wires of the sieve is not 
specified, and larger particles pass if the wires are thin than if 
they are thick, either originally or from wear. Also the arrange¬ 
ment of the wires in the mesh gets out of shape, thus altering 
the size of the particles which pass through. 

I The crushed abrasive is separated into grits varying from 
No. 6 to No. 250, beyond that finer particles are separated 
by the time they take to settle in a liquid, as explained in 
Chapter XII; for commercial purposes a stream of ?water is 
used. The very fine grits are distinguished by letters P, 
FP, &c., and ‘flour.’ The sizes usually employed in wheels 
used on grinding machines run from 24 to 80, but as coar^ 
as No. 6 is used for some purposes, and No. 250 is employed 
on glass work. The size of the grit controls the sectional 
size of the small cliips which can be produced by the wheel, , 
so that wheels of the coarser grits grind more quickly, and 
wheelfi of fin'e grit produce a higher finish. Some wheels 
are made with a mixture of grits termed ‘ combination,’ witS 
a view to combine the features of rapid cutting and fine finisli. 
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[tis.however^io be noted that good workshop finish is obtained 
sasily with the coarser wheels, provided the machine and 
wheel are in good condition. Commercially very fine finish, 
such as requires wheels of 80 grit, is only needed in special 
sases ; accuracy, within the limits considered in Chapter I, is' 
usually the chief consideration. 

Bonds.—In a wheel those particles of abrasive are joined 
together by a cement or bond. Originally shellac or spme 
jum was used, but the bonds now chiefly in use are the vitrifiqd, 
silicate, and vulcanised, though others of various natures are 
employed by some firms. 

Usually a wheel is of uniform grade throughout, which is 
attained by veiy complete mixing of the wheel substance 
before moulding the wheel shape and careful after-treatment. 
That disc wheels are often considered to be softer towards 
the centre is partly duo to their circumferential speed diminish¬ 
ing as they wear down, and j)artly to the same amount of 
work necessitating a greater radial wear, since the circum¬ 
ference over which it is distributed is less. 

For some purposes a wheel with different gi-ades is required; 
for instance, if it is important that a disc wheel should keep 
the corners sharp and free from roundness, the sides of the 
wheel may be made with more bond than the intermediate 
portion. ^ 

Grade.—The greater the amount of bonding material the 
more firmly are the different particles of abrasive held together, 
and the greater the force required to detach them from the 
wheel.^ %hen in use the particles get blunt gradually, and 
as they do so the force of^he cut they take mcreases until it 
becomes so large as to dislodge the particle from its hold. 
T#ie property of the wheel by which this disintegration takes 
place is termed its ‘ grade.’ It depends on the amount of 
bonding material, the more there is the harder the nature 
of the wheel is. The ‘ grade ’ of a wheel must be such thet 
in use the ^disintegration of the wheel only just takes place, 
and different grades are necessary for wheels to be u^d on 
different materials. The grade is usually denoted by a capital 
letter, the early letters of the alphabet being usually used 
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for the soft grades and the later ones for the hard grades ; 
this is not^ however, the invariable practice, though it is to be 
hoped that it wiU be universally adopted. A chart showing 
the relation of the grades is given on page 427. 

The grade of a wheel is not a very definite quality. The 
properties of a wheel depend partly on the abrasive and 
partly on the bond and its amount, so that, for example, 
wheels of tough corundum and harder, but brittle, carborun¬ 
dum, if made with equal amounts of the same bond, would 
not behave in the same manner wlieii used on mild steel. 
The amount of the impurity in the abrasive also affects 
the matter: for example, emery is corundum with an equal 
amount of impurity, and accordingly is softer than corun¬ 
dum. Wheels are tested for grade by ascertaining the force 
which is necessary to dislodge the particles at the surface; 
this is done by using the end of a file or hardened screwdriver, 
pressing it on the wheel surface and thc'U pushing it until 
some particles are broken out of the surface The gi'ade is 
estimated by the amount of force required. If the force 
were measured it would determine the tangential effort 
necessary to disintegrate the wheel surface, and this may 
be considered as approximately deciding the grade of the 
wheel. But the actual behaviour of a wheel in use depends 
also on other factors—the rapidity with which the particles 
become blunt, for example. 

The desirable properties of a bond are that it should have 
a high tenacity, should resist the action of water, soda water, 
oil, or other fluid used in grinding, should be easily (jontrolled 
in quantity and distribution in the wheel, and should not be 
subject to atmospheric influences. ^ 

Vitrified Process. —The wheels most usually employed in 
machine grinding are made by the vitrified process, in which 
the bonding material is a felspar or kaolin. This is mixed 
with the crushed abrasive into a wet mass, and moulded to 
shape. After the wheels are dry, they are rough turned arid 
stacbed in a kiln, which is fired. When the Bond hSs fused and 
run, the whole is allowed to cool slowly. The bond is of the 
nature of porcelain, and very little is necessaty to ceifient the 
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particles together femlj enough to give the requisite hold on 
the particles for producing the useful grades. This giyes a very 
open nature to the wheel, the bonded particles having much 
free space between them, as can be seen in Pig. 8, which is a 
photograph of a wheel of alundum No. 60 grit, such as is shown 
in Pig. 7, magnified also 20 diameters. Tlie wheel has been 
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trued and the surfaces of the particles as cut by the diamond 
can bo traced. The wheels are turned true after vitrifying, 
and the centre holes lined with lead in tlie larger sizes. 

Wheels of this lamd cut very freely, and are unaffected by 
any of the fluids used in grinding. They are the most generally 
useful fof machine grinding, presenting the cutting points 
openly, and holding the particles witli the minimum of bond. 

Elastic Wheels.—Wheel" made with elastic or vulcanised 
b(tids are about twice as strong as those with the vitrified 
bond, so that where a thin wheel is necessary or where side- 
thrust is likely to come upon the wheel, this bond should be 
, selected. The bond is rubber, masticated, and the wheels are r 
shaped, pressed firmly, and vulcanised. The process produces 
wheejs with tlje material close up, which lack the porosity of 
the other bonds qpd cut best when worked hard. 


GRINDING machinery 


28 • 

Silicate Wheels.—Silicate wheMs, in wldeh silicate of soda 
is used as tEe bond, require more bond tlian in the vitrified 
wheels to cement the particles together so as to constitute the 
same graie, so that they are not so open in texture. Also for 
an equal degree of safety they must not be run so fast as the 
vitrified wheels. Where soft grades are ro(iuired, as in surface 
grinding with cup wheels, this bond is very suitable, as there is 
not then too much bond to hinder them cutting very freely, 
bul there is sufficient to secure a fair hold on the particles, 
and the correct grade can bo accurately obtained. This is 
important, as with such wheels a very little difference in the, 
grade loads to rapid disintegration if it is too soft, or to 
glazing if it is too bard. 

Larger wheels can be made by the silicate than by the 
vitrified process, owing to the manufacturing risks of the latter. 

Some silicate wheels are affected by atmospheric influences, 
and lose their strength in course of time. 

The material of a wheel consists of particles of abrasive 
hold together with certain forces by the bond, and alters as these 
are changed. Many bondmg materials have been tried—those 
given above being in geniiral use. The vitrified bond is used for 
free-cutting wheels of moderate dimensions; the silicate where 
soft wheels are required, the extra amount of bond holding the 
particles uniformly, but not being of sufficient amount to clog 
up the wheel; and the vulcanised for wheels whfte greater 
strength is requisite. Experiment may yet lead to better 
bonds; the amount of hold which a certain proportion of bond 
should have, depends ultimately on the hardness andjtoughness 
of the abrasive. The vitrified and sihcate bonds are weU 
suited to the present abrasives, ^but elastic bonding offers 
opportunity for improvement. 

Strength and Surface Speed.—tJpon the strength of &ie 
bond and its amount depends^ the speed at which a wheel can 
safely be run, and upon the wheel speed depends the output 
of the machine. So that the strength of the bond is a factor in* 
grinding efficiency. ‘ * 

It can be proved that the stress in wheels depends upon the 
square of their circumferential speed (provided we disregard the 
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small variatioB of (^nsity due to the different bonds and thik 
amount), so that for any allowable stress in the wheel there is 
a corresponding definite circumferential speed. Whe^pls should 
usually be run up to this speed, and hence the revolutions per, 
minute at which a wheel should be run is inversely proportional 
to its diameter. 

To ascertain the manner in wliich tlie size; of a wheel affects 
the permissible speed of running, consider the case of similarly 
shaped wheels, that is wheels whose external and internal 
diameters and width of face are all proportional. liet a> be the 
permissible angular velocity for a wheel of outside radius r, 
(so that Qir is the peripheral speed), then a> will depend upon r, 
upon the strength/per unit area of the material of which the 
wheel is composed, and also upon its densily p. That is, we 
have— 

where I, m, n, and a are constants, and N indicates that the 
sum of a number of terms may have to be taken. If L, M, and 
T are the dimensions of length, mass, and time, we shall 
have— 



or 




.'./ = |; = m — 'An—l — O 

.-. )j = _ I and m = — 1 
.'.(o = afh'‘p~i 


or 



Th<iS, the limiting value of the circumferential speed (©r) 
proportional to the square ropt of the permissible stress (/) 

, we regard the density as constant; and conversely the- 
stress in a v^heel depends on the square of its circumferential 
speed—and not on its diameter. 


Tenacity and Bond. —^As the tenacity of a wheel depends 
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upon the amount of bond, and the greater th^s amqpnt the harder 
and stronger the wheel, a greater stress can safely be allowed 
in a hard, wheel than in a soft wheel, and therefore a higher 
circumferential speed can be permitted. It is usual, however, 
in practice to neglect this, and to consider that the safe circum¬ 
ferential velocity of all disc wheels is the same, and this is 
taken to be from 5000 to 7000 feet per minute. Cup wheels, 
however, especially if silicate, should b(' run at a lower speed ; 
from 3500 to 4500 feet per minute is suitable. 

For wheels which have not the same ratio of inside to 
outsidi' diameter the size of the hole has an effect, but as 
the wheel has to be driven by flanges holding it on the two 
sides, this effect also is usually not considered. 

The best makers test all their wheels before dispatch by 
running them at a high sj)ee(l (usually 9000 feet per minute 
peripheral velocity), and in this connection it is to be noted 
that if under test a wlie(d is run at double the sj)eed at which 
it is to run in use, it has been subjected to four times the 
working centrifugal stress, and if to two and a half times the 
speed to over six times the working stress. 

In Table VIII, page 431, will be found the number of revolu¬ 
tions per minute at which wheels of different diameters must 
be run in order to attain various circumferential speeds from 
3000 to 7500 feet per minute. 

A number of experimenls upon the strength of wheels 
have been made by professors of engineering both in America 
and on this side of the Atlantic. Unfortunately the grade of 
the wheels is never stated, so that the results ar4 of little 
value; a firm desiring a tost strikingly in their favour as 
regards wheel safety might make wheels of a very hard and 
useless grade for the purposes of the experiment. The strength 
ehiefly depends on the grade, but to some-extent on the grit 
of the wheel as well. 

The tensile strengths of tfic material of vitrified wheels 
is approximately as below for various bonds of 60 grit. The 
amoijnts are in pounds per square inch. “ * 

Grade H I J K L * M -N 

Strength 600 800 1200 1850 1500 1750 2000 
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The amovtfit covariation with the aize of grit runs about 
as below— 


M Wheels—grit.... 

60 

46 

416 

Strength—pounds per sq. inch 

1750 

1550 

1450 

Q wheels—grit ... 8 

12 

14 

20 24 

Strength—pounds per sq. inch 1150 

1400 

1550 

1750 2000 


so that for ecjual factors of safety the circumferential speeds 
in feet per minute should be as follows— 

Grade TI T ,1 K ]j M N 

Circumferential) .. _ „ 

spoedj 


The stress may be found from the equation— 


stress -- 


0400 




where o is the circumferential velocity in feet per minute 
and dj, the diameters of the wheel and flange respectively. 
In deducing the formula, the density of the wheels has been 
taken as Ih- pof cubic mch, and in the absence of any know- 
ledge J has been taken to be the value of <r (Poisson’s ratio). 
Calculation of the stresses will show that the factor of safety 
is rather over three, which is sufficient in machines of this class. 


l^heel Speeds. —In use, a disc wheel gradually wears down, 
and as iti diameter decreases so the circumferential speed falls. 
As the limiting factor to the circumferential speed is the 
safety necessary, the rate of rotation should be increased as 
the wheej wears, otherwise the wheel will appear to be of a 
softer ^ade owing to the ratio of work speed to wheel speed 
increasing, and if the diaiieter is much lessened without in¬ 
creasing the number of r'wolutions per minute, the wheel 
''^11 wear away rapidly. 

In order to be able to raise the rate of revolution as the 
diameter decreases, so as to keep the circumferential speed 
‘ nearly the same, some speed variation device, such as a pair 
of step cones, should bo included in the drive. The nujnber 
of speeds whiali should be provided depends upon the amount. 
the wheel is intended to be worn down. In precision grinders 
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the hole in the wheel has usually to be of (|onsi(^rable size, so 
that the wheels can be held in collets for the purpose of changing 
them rapijlly and without loss of wheel substance, and in this 
case a reduction of the wheel to two-thirds of its diameter is 
about as much as is obtained ; two or throe speeds are then 
sufficient. In some machines, such as ordinary tool grinders, 
where the wheel is not changed until used completely or to 
some arranged diameter, the hole in the wheel may be com¬ 
paratively small. Owing to the prices at which these machines 
are usually sold, step cones cannot reasonably be looked for 
in the drive, although they would be a good investment for 
the user. Where the speed can bo increased so that the fastest 
speed would give so high a circumferential velocity to the largest 
wheel used as to be dangerous, some arrangement should be 
included to prevent the fast speeds being used when large 
diameter wheels are on the spindle. The best method of 
all is to use simple single speed machines, and as the wheel 
wears down transfer it successively to machines with faster 
running spindles: this method is, however, only available in 
few cases. 

Mounting Wheels.—In mounting a wheel upon a spindle 
it is very essential that it should go on easily but without 
appreciable play, and for this end the holes of all wheels but 
the smallest should be brushed with lead, which can be quickly 
scraped if necessary so as to allow the wheel to fit easily. If 
the wheel be forced on tlie spindle or collet, bursting stresses, 
similar to those due to rotation, are caused, and there is con¬ 
siderable risk that the cumulative effect will render ttie wheel 
unsafe. ^ 

Before mounting a wheel it should bo examined for cracks, 
and tapped lightly with a hammer, so as to judge by its rii^ 
whether it contains an unperceived crack. Even then a new 
wheel should be started with care, as it is not absolutely certain 
that a flaw will be detected. 

It may be noted that at the speeds employed the bore of 
pulleys expands so that unless they are originally a very close 
fit they may be loose when running. For this Veason collets 
should have a taper fit on the spindle; thq|^ are then tight 
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when ranning,and ^an also be easily removed. The amount of 
this enlargement of the bore at a given speed can easily be 
calculated from the elastic properties of the material of the 
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collet, and the correctness of the 
confirmed by direct measurement 
holes in steam turbine rotors. 


amounts found have been 
on the expansion of the . 


Wheels should be mounted between flanges arranged tabear 
on the wheel sear their circumference only. If the flanges are ■ 
fiat, tightening the nut to close them tends to make them a 


D 
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trifle concave, which would be dangerous ;iithey. should there¬ 
fore be distinctly recessed towards the centre, and sufficient 
flat bearing area provided at the outside. Machines of the better 
class are all fitted with collets designed on this principle, and one 
such is illustrated in Eig. 35, page 12G. Eor the sake of clear¬ 
ness the mounting of a wheel is also shown in E’ig. 9, where the 
flanges A, 15, bear on the outer part only, and are recessed at 
C ^nd D towards the centre. 

Between the wheel and the flanges, washers E, P, of soft 
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material, such as blotting.paper or cardboard, should be placed, 
so as to distribute the pressure, where the wheel is gripped. 
Some makers send out their wheels with stout paper washers 
already fixed to the sides, which is a great convenieifee. 
Preferably the flanges should be keyed. 

If the wheel is likely to receive sidethrust, the flanges should 
extend to as near the edge of the wheel as is practicable. 

Qylinder and cup wheels are mounted 'in reefessed flanges, 
and held by plates, between which and the wheel washers of 
soft material must be placed, or they may <be held in special 
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chucks. Ex^inplfs of the construction arc given in Figs. 
87 and 38. Cylinder and cup wheels are expensive, and for 
large work, such as surfacing armour plate, chucks vath inserted 
segments arc used. Buch a chuck is shown in Fig. 10, in which 
the segments A, B, are secured by the wedges C, which bind 
the segment on three faces, and thus hold it securely. 

Segments of artificial material are very expensive, and those 
of natural grit stone much cheaper, oven when due allovtance 
has been mad(! for the greater amount of work done by the 
artificial material. Accordingly in these machines the natural 
stone is used, and its softne.5S enables the cutting to be done 
rapidly. 

Balancing.—T'he circumferential speed of wheels being about 
5000 feet per minute usually, the rate of rotation of the wheel 
spindle is very high, and bonce the centrifugal effects of any 
want of balance and truth in the wheel or spindle are very 
considerable, and fonn the cause of some of the difficulties 
encountered in grinding. 

The wheel spindlo itself and all the rotating parts attached 
to it must be in balance and run steadily by themselves; if, 
when the wheel is mounted, vibration then occurs on running 
it, the trouble lies in the wheel. 

The amount of these forces can be judged from the force 
necessary to prevc'iit a mass of one ounce, at a distance of 
8 inches from the axis, from flying outwards when it is 
moving round the axis at 1900 r.p.m. (the rate for a 10- 
inch wheel). This force is almost 20 lb. weight. 

The expression for the effect of want of balance is— 

« 

4 wVr. 

.?here n is the number of revolutions per second, w is the mass 
of the out-of-balance part (the difference from uniformity), 
r the effective radius in feet at which it acts, and g the acceler¬ 
ation due to gravity, which is 32'2 feet per second per second. 

The effeet is eq^valent to a periodic permanent force (jf this 
maximum amount, and under certain conditions it can enforce 
vibrations of the«ame frequency as the revolution of the wheel, 

1)2 
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or a simple fraction thereof, on the machini and, on the work, 
causing chatter. This subject is referred to more fully later. 

Some makers balance their larger wheels before passing 
them for delivery by adjusting the lead in the central hole, 
and this is convenient initially. As the want of balance is some¬ 
times caused by want of uniformity in the material of the wheel, 
this is not a perfect arrangement, and a wheel of such a nature 
will go out of balance as it wears down. Small amounts of 
want of balance are quite unavoidable, and the best way of 
meeting them is to make the wheel head so heavy that the 
effects are reduced to insignificant amounts. Where there are 
sufficient machines to warrant it, the wheels may bo balanced 
periodically on parallel ways. 

In the macliines constructed by the Landis Tool Company, 
the collet is made with a groove containhig movable weights, 
which can be adjusted until balance is obtained. To give a 
correct dynamic (as opposed to a static) balance, these weights 
should be in the plane of the wheel; they are placed as close to 
it as constructive details will allow. 

Besides the usual disc and cup shaped wheels a number of 
shapes are used, suited to the various purposes for which the 
wheels are employed. Most of the wheel makers give drawings 
in their catalogues of the shapes they supply, and will make 
wheels to such shapes as are desired. Wherever possible disc 
wheels should be used, as they are the cheapest fom'i, and also 
cause less delay in delivery. 

Silicate wheels take a few days in making, but the vitrified 
wheels take several weeks, and there is also the chance that 
after that time just what is desira|de is not obtained, so that 
care is necessary in ordering wheels for any particular purpose. 

In specifying a disc wheel the diameter, face, hole, abrasive, 
bond, grit, and grade should be stated ; with seven different 
factors varying, a great number of wheels are necessary to meet 
possible requirements. Machine makers are tending to use 
wheels of fewer combinations of diameter, face, and hole, but • 
the recognition and adoption of a unifonli systSm would be 
advantageous, and it could be revised at suah intervals os 
progress might dictate. One of the difficulties is that in cases 
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where the requirelnents of the work necessitate the changing 
of the wheel, collets are used, so that the collet with the con¬ 
tained wheel is changed. Tliis necessitates a larger^hole m the 
wheel than if it is to bo mounted directly on the spindle. To 
meet the case it might bo arranged to make the hole in wheels ’ 
of a particular diameter of one of two sizes according to the 
purpose for which the wlieel is needed. I have suggested* 
the following series— , 

Wheel Diameter (inches) G 8 10 12 14 IG 18 20 22 ,24 
Size of Hole (inches) eitlnu’ | « i 1 li la If 1| 2 2 

or 2 3 4 .G 5 7 8 8 8 10 

Truing Wheels.—To render the working portion of a wheel 
true enough to be serviceable in precision grinding it must be 
turned true by use of a diamond, which in almost all cases must 



be mechanically guided. The diamond is so very much harder 
than the abrasive materials that it cuts the particles of the 
wheel across without dislodging them from the bond, so that 
they become—as remarked earlier—small tools without 
clearance. The chip taken is so fine, however, that this does 
not matter. ‘ Whe(d dressers ’ of various kinds have been 
invented, consisting of discs with plane or corrugated edges 
which rotate when in contact with the wheel, and so dislodge 
the projecting particles} they cannot, however, out them, 
and do not produce a wheel surface comparable with that 
froduced by a diamond, and not good enough for regular¬ 
grinding work except in the case of soft cup wheels. A typical 
wheel dresser is shown in Fig. 11. A more effective one is 
provided by mounting a sharp-edged hollow steel washer on 
the end oi a spindle mounted on ball bearings. The disc 
rotates freely^as the friction is so small, and presented properly 
\ Inst. Automobile Enginoors, 1911. 
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to the wheel disintegrates its surface esjsily.. For truing 
grindstones a similar but more substantial tool is useful, and 
the rotating disc hero is usually hollow, and its axis nearly at 
right angles to that of the stone ; or the end of a tube is used, 
the tube being rolled by hand along the rest set close to the 
wheel. A piece of hard carborundum block is very effective 
in truing ordinary whe(!]s, and in removing glaze from small 
wheels by hand. 

.Diamonds. —Diamonds are of two very diff<Tent kinds, 
crystalline and amorphous, both being .allotropic forms of 
carbon, as is also graphite. They are natural products, the 
crystalline being found principally in South Africa, Australia, 
and Brazil, a few only now coming from India. The amorj)bous 
diamond, cartwnado, or carbon, is found in Brazil. Diamonds 
have been produced artificially, but so far only in very small 
sizes and at excessive cost, and larger diamonds have not been 
produced from smaller ones in the manner in which artificial 
rubies are made. The crystalline diamond is of the octohcdral 
system, and, when ])ure, is transparent and colourless. It 
can be split by means of a sharp blow on the back of a knife, the 
edge of which is held against the crystal, along the planes of 
cleavage, and by this means splints suitable for diamonds, to be 
used as small tools, are made. Sometimes diamonds are tinged 
with a yellow or brown colour, and rarely with blue or red, 
which latter colours enhance their value as gems. The 
crystalline diamonds used as gems and for manufacturing 
purposes are of the same nature; the latter simply have such 
defects as spoil their value for decorative purpos%s. The 
crystalline diamonds, then, which are offered for commercial 
purposes, all have defects, and the question of their suitability 
and comparative value is of importance in their selection 
and can only be judged after experience. Those with 
incipient cracks should bo avoided, while an elongated shape 
renders setting easier and more secure. While those of a 
good crystal shape generally give the best service, they are 
also f<he most expensive. Diamonds appear to ""vary con¬ 
siderably in hardness. I have a preference fof those from 
Brazil. It is advisable to supply at first tools dbntaining cheap 
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small diamonds (sa|' J ct.), as the stones sometimes fall or are 
ground out of their setting and are lost; when this risk is 
reduced by experience, larger diamonds should be used, as 
they are more economical, although the price per carat is 
greater. Diamonds weighing 1 ct. are suitable for wheels up to 
about 2 inches wide. As a diamond cannot be inspected well, 
nor weighed when it is mounted into a tool, it is well to buy 
the diamonds loose and snount them afterwards. 

The amorphous diamond or carbonado is black and opaque, 
and shows no structure under the microscope. It is very 
considerably liarder than the crystalline variety, but it is 
also more expensive. When the wear and cost are taken 
into account 1 consider that tlu! crystalline diamond is the 
.more economical. 

When a wheel is to be trued straight across (as a disc 
wheel trued cylindrical, or a cup wheel, flat) the position of 
the corner of the diamond which oi)erates is of no importance, 
but if 8 complex shape (e.g. a gear tooth space) is to be pro¬ 
duced accurately on a wheel for reproduction on the work, the 
position of the working corner is very important, and it is 
difficult to adjust it accurately. In such cases a carbonado 
should show to its best advantage. 

Setting Diamonds.—Eor use diamonds are set at the end 
of a cylindrical rod of steel or brass, thus forming diamond 
tools, and precision machines are provided with means for 
clamping tne tool to the work table in order to true the wheel 
parallel to tho main ways of the machine. The axis of the 
diamond Sool should be presented to the wheel face at an 
angle, and not normally, aO|that when a flat is worn on tho point 
of the diamond, a fresh corner may be presented by turning 
the tool round in the clamp 

It is to be noted that setting the diamond off the axis of 
the tool, or bending the tool, has not the same effect. 

There are several ways of mounting diamonds for the 
purpose of tools, some of which are shown in Fig. 12. I have 
a preference for setting them as at A, using a brass holdqj: and 
solder (preferably hard) as the operation is easily and quickly 
performed, and there is no risk of injuring the diamond. A 
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bit of swart dropped in the hole keeps thesdiainond up while 
soldering. Brazing into a steel holder is more troublesome, 
and although it makes a stronger setting, hard solder is amply 
strong enough for the purpose. In the holder C, the diamond 
is held by the screwed cap, and in that shown at D by the cross 
screw springing the split holder. 

In truing the wheel plenty of water should be used. The 
action of the diamond cuts the particles of abrasive across, 
but in doing this the edge of the diamond gradually gets 
worn away and blunt. If too great a Hat is worn on the 
diamond and jirescnted to the wheel, the particles are no 
longer cut across, but are splintered and dislodged bodily, and 
the truing is no longer satisfactory. When this occurs the 
diamond has to be reset. In the initial setting the diamond 



Fig. 12.—Diamond Tools 

is ))resented in the moat satisfactory manner, so that resetting, 
does not make matters as favouralile as they might be. Again, 
in setting, the diamond should not be presented to fhe wheel 
with the planes of cleavage parallel to the wheel See, as it 
may break; so that the amount of resetting is limited, and 
diamonds should be treated carefully from the beginning. 

In Fig. 8 the wheel surface shown has just been trued with 
a diamond tool, and the surfaces where alundum particles 
have been cut across and the small splinterings are visible. 

Diamond Laps.—In internal grinding the problem of the 
wheel and of the method of holding it on the spindle increases 
in difficulty as the diameter of fhe hole decreases and forsmall 
holes wheels are replaced by diamond ‘ laps.’, The lap^is made 
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of soft steel, ^d, ijs it is necessary that it should run very 
true, it should have a taper fitting to the spindle. It is 
charged with diamond powder by rolling it with the powder 
and oil between hardened steel plates. The diamond powder 
is made by crushing up small diamonds: the resulting powder 
is mixed with oil, and the particles separated into various sizes 
by the time they remain in suspension. In rolling between 
the hardened plates the soft steel is penetrated by the particles 
which remain embedded in it, and project very slightly from 
the steel. The lap, after being charged, should be tapped and 
brushed to remove the particles not firmly embedded. Laps 
charged with the coarser particles—those first deposited from 
the oil emulsion—naturally cut the most rapidly. 

When the lap is rotating and brought to the work, the 
diamond points projecting from the lap cut the work m exactly 
the same manner as the particles of emery or corundum pro¬ 
jecting from the surface of a wheel do, so that the process is 
really a grinding and not a regular lapping (see Chapter XII) 
operation. The speed should be as high as possible, and the lap 
should run perfectly true. The cut can only bo exceedingly fine 
from the nature of tlie lap : it must not be forced ; the diamond 
powder, however, is so very much harder than any other abrasive 
that these lajjs cut fairly quickly and last a considerable time. 
The truth of the lap depends upon its original form : it cannot 
be ‘ trued.’ Neither could a wheel made of diamonds (if they 
could be manufactured cheaply) bo trued, so that, without 
the discovery of a very much harder substance for truing 
them, they would bo of little use in precision grinding. 



CHAPTER III 


THE WHEEL AND THE WORK 

Tfje Material of the Work and the Various Abrasives.~To deal 
with the various materials used in engineering manufacture 
and construction, and to grind them (efficiently and to a desired 
quality of surface, there is a choice of four variations in the 
nature of the wheel: the nature and size of the abrasive grit, 
and the nature of the bond and its amount. 

The abrasives may be divided into the Oxide of Aluminium 
(AI 2 O 3 ) group and the Carbide of Silicon (SiCj) group. Of the 
former emery is now little used in machin(! shop grinding, as the 
amount of impurity lessens its value as a cutting agent con¬ 
siderably, and the cost of making it up into wheels being the 
same as that of making up the purer materials, the wheel cost 
is not lessened much, although the natural abrasive is much 
cheaper. The grading is also affected by the impurity. There 
remain natural corundum and its artificial equivalent, alundiim, 
which is also sold under other names. Although one is inclined 
to prefer a manufactured material as being more under control 
as to quality, there seems little difference between these 
abrasives. 

Corundum and alundum are the best abrasives fqr working 
on steel, whether mild, high tension,^or hardened, and on brass. 
They are also used for grinding bronze, rubber, celluloid, and 
such materials. 

Carborundum (also sold under various trade names), iSie 
carbide of silicon abrasive, is the best for grinding cast iron, 
whether soft or chilled ; and it is also used for grinding bronze 
castings, glass, dsc. ■ 

C,arborundum, from its hardness, is the best ‘abrasive for 
use on materials (e.g. cast iron, hard rubber and fibre, glass, (See.) 
which are not strong enough to fracture it, but the toughness 
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of the alumina,abiasives renders them the more suitable for 
those materials which only yield under a high shearing stress 
(see ‘ Phil. Mag.’ July 1900, and ‘ Engineering,’ July 8,1908), or 
in which there are constituents of such different hardnesses 
as ferrite, cemontite, austenite, and martensite, arranged in 
dimensions (as will be seen later) comparable with the section 
of the chip taken in grinding. 

Quality of Finish and Size of Grit.—The number of the grit 
(or the size of the particles to which the abrasive material is 
crushed) which should be used depends partly upon the nature 
of the material to be ground and partly on output or the finish 
required. The tougher the material the coarser the grit which 
will be suitable. 

The rate of removal of material increases regularly with 
the coarseness of the grit, so that generally in manufacturing 
coarse grits are desirable. 

The quality of surface produced, while it dej)ends upon the 
fineness of the grit, depends to a far greater extent on the con¬ 
dition of the wheel and the machine, and for engineering purposes 
an entirely satisfactory finish can be obtained with wheels of 
■from 24 to 80 grit, the finer grits being used on the smaller work. 

In ground machine parts two qualities are looked for— 
accuracy of surface and smoothness of finish. If the surface 
be examined closely it will be seen to bo covered with a 
multitude of small scratches, which are the marks of the cuts 
n'ade by the particles of abrasive in the wheel. If these marks 
are uniforro, clear and sharp as if made by a keen cutting point, 
it implies tSat the force of the cut has been small, and hence pro¬ 
bably the work is round and nthorwise true, and accordingly this 
finish is to be regarded as that of a good ground surface. This 
clajft of finish can be obtained from wheels of the above- 
mentioned grits by carefully truing the wheel. If the marks 
are too deep or conspicuous for the purpose in view, the next 
finer grit should be selected; with 60 to 80 grit, however, the 
surface obtainable is good enough for workshop gauges. By 
slightly polishing the wheel after truing it a smoother surface 
can be produced—a small piece of hard carborundum oilstone 
is convenient for the purpose; it must be used very lightly, 
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or the polishing will be overdone. One half-tljousandth of an 
inch is the most which should be left on the diameter of the 
work before smoothing the wheel for this finish. 

If smoothness of surface as well as precision is necessary— 
as in fine gauges and important bearings—the work may be 
touched-up with some very smooth emery cloth, or, what is 
much bettor, lapped a little as described in Chapter XIT. 

, Possibility of Grit being embedded in the Work - It is occa¬ 
sionally stated that emery (and 1 suppose other abrasives) are 
retained in the surface of ground shafts, and destroy the 
bearings in which they run. This objection is the same as 
that which used to be raised to cut g(!ar teeth—it often 
moans that the objector has not got a grinding machine, just 
as it used to mean that ho had not a gear cutter. 

A piece of abrasive is cemented into a wheel, and cuts a 
piece of steel with its projecting point; the point wears a 
little, and then the cut is wider. Tlie force of the cut thereby 
is increased, and tilts the piece of abrasive from its setting, 
and it falls away. The particle of abrasive cannot get em¬ 
bedded in the steel uidess it is forcfid in. The easiest way 
to do this is to roll it in ; if the wheel itself were used to do 
this the force necessary would destroy the wheel face first, 
as the bond is only sufficient to withstand the force due to a 
very fine cut. As there is no other way of embedding the 
particle, it may therefore be concluded that abrasive material 
cannot be retained in the ground surface. It is not too easy 
to roll the very fine abrasive into the soft steel of ‘ diamond 
laps,' using hard steel plates for the purpose. I havfe examined 
ground parts for embedded abrasi/e, using a microscope, but 
have never found any, and chemical analysis has been applied 
with the same result. ^ 

The only case which seems possible is with such cast iron 
as contains open pores in which fine abrasive dust might 
lodge; the best safeguard against the possibility is to grind 
with plenty of water, and to rinse the work in clean solution 
afterwards before it dries. The finer particles remain sus-> 
pended for a considerable time in a fluid, arftl so would not 
have settled to the surface. 
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Turning noy to the nature of the bond, three choices are 
open; the vitrified, the silicate, and the elastic. 

Uses of the Various Bonds. —Eor general purposes the 
vitrified bond is the most serviceable: it is strong though 
brittle, and very little of it is necessary to hold the particles 
together, so that the wheels are porous and open-grained, 
allowing plenty of room for the chips and solution, and so 
cutting freely. > 

The bond in silicate wheels is weaker, so that more of it 
is necessary to hold the abrasive particles together with the 
same strength ; this makes the harder wheels too compact 
to cut freely in machine grinding, but the soft wheels are very 
satisfactory, and they have the advantage that the desired 
grade can be secured more exactly in their manufacture than 
in the case of the vitrified wheels. 

They are therefore to be considered for cup wheels and' 
for the small wheels for internal grinding. The manufacture 
of the latter by the vitrified process appears to present some 
difficulty, as small wheels made out of fragments of larger 
vitrified oue,s always seem to work better, although nominally 
of the same grit and grade. 

Another advantage attaches to the silicate process—namely, 
that wheels can be produced by it in a short time, while vitrified 
wheels of usual size require two or more weeks in the making 
alone. 

When a wheel is likely to be called upon to encounter 
unusual forces in its use, as when a disc wheel is used upon 
its side niar the edge, or when a thm wheel is necessary, 
elastic wheels should be* used, as they are much safer 
under such circumstances, owing to their greater strength. 
Tieir elasticity also makes them useful in grinding very thin 
work. 

Grade —Whatever bond is used the grade of the wheel 
depends on the amount of the bond used, but the working 
of wheels of the different abrasives, or of the same abrasive 
of different pjirities (corundum and emery), varies, although 
the kin^ and amount of bond is the same in each. In use the 
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projecting points of the particles in the wheel gradually become 
dull—the forces on them then increase ; the amount of bonding 
material, used must be such as to hold the particles in the 
wheel until they are worn a suitable amount, and not to be 
capable of retaining them there much longer. 

The desirable amount of bond varies with the material 
on which the wheel is to be used, and how it is to be used. 
With hard materials the part.icles should only lose their edge 
slightly before they are released from the wheel, but with 
softer materials they should be retained longer, partly for 
economy, and partly because the very sharp particles cut the 
work very easily and produce a rather scratchy surface. Thus 
wheels with little bond, and which are therefore ‘ soft,’ are 
to be used on hard materials, and the harden' wheels on the 
softer materials. Wheels are therefore classed according to 
their softness or hardness, and separated into ‘ grades,’ usually 
distinguished by letters of the alphabet. 

The grade of a wheel may be judged by the force required 
to dislodge the particles of its substance, using the end of a 
file; with a little experience the grade of a wheel can readily 
be ascertained in this way. The behaviour of a wheel in use, 
however, somewhat depends on the purity of the abrasive, 
so that this method cannot bo entirely relied upon in selecting 
a wheel for a particular purpose, although it depends upon the 
force required to disintegrate the wheel—which is the meaning 
of grade. 

Unfortimately different wheel-making firms express the 
same grade by different letters, and oven in oppose^ sequence. 
Probably the ‘ Norton ’ system of, grading is most used. It 
is used throughout in the text of this book, and it is to be 
hoped that it will be soon recognised as the standard, and 
accepted by wheel makers generally. 

In this method of grading the early letters of the alphabet 
represent the softest wheels of the Vitrified and Silicate grits, 
and the later letters are used successively as the hardness 
increases. For Elastic wheels numbers am useeP, the number 
increasing with the hardness. This is shown i» the following 
table— 
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■ftHBEt Bkadks—Norton System 
Very Soft | Soft | Mbdidm 

Vitrified and Silicato 


Hardness. 



E F (! H I .1 K L 


Hard 
M N • 0 P Q 


i 1 li 2 2i 3 3i 4 5 

»rk. Hardened Mild Steel. 

Steel. Cast Iron. 


A comparative table (No. V) of the grading by several 
firms is given on page 427, to meet the difficulty of the present 
disorder. It is particularly misleading that the Carborundum 
Company use the early letters of the alphabet for the harder 
whoels, reversing the usual system. 

The British Abrasive Wheel Company’s grading is identical 
with that of the Norton Company. Many firms prefer to 
make wheels of their own special bonds and grades to suit the 
particular requirements of each case, no particular grade being 
stated, but a reference being kept for future use. Some engineers 
used to make threads of pecuhar pitch and shape long after 
the Whitworth standard was accepted, the taps being preserved. 

Selection of the Grade.—For external work on wrought 
iron and mild steel (0-15 to 0-4() % carbon) grades L and M 
are most suitable, M generally, and L for large diameters of 
work and rigid machines; as the hardness of the steel is 
increased L becomes generally the correct grade. On 
hardened steel K is to be used generally, but where accuracy 
and very high finish is required a J wheel of a finer grit is 
better. For cutter sharpening J and K grades work well on 
carbon sttels, but even softer can be used on high-speed 
tools. For brass and bronze L is usually right. For east 
iron of customary hardness L and M grades are best, but 
for chilled cast iron the much softer wheels H or I. For 
internal grinding wheels of slightly softer grades are desirable, 
as the contact of the wheel and work extends over a longer arc. 

For cup wheel grinding, where the contact is over a con¬ 
siderable area, still softer wheels have to be used, G and H 
bding usual grades, and at the same time a coarse grit is used. 
For Work on tiie same material, however, wheels of two or three 
grades are necessary, as the area of contact here depends 
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on the width of the work, and the greater thjs is, the softer 
the wheel which must bo used. The grade of the wheel in 
cup whepl grinding must be carefully chosen, as if the wheel 
be only just too soft it wears away rapidly, while if it be too 
hard it refuses to cut. 

The increase of the power and rigidity of machines has 
made the selection of grade of wheel an easier matter than 
it used to be, for the permissible range is extended in both 
directions. If a wheel giving trouble on a light machine 
by being on the point of glazing be transferred to a more 
rigid and powerful macliine, the cut can be made heavier, 
which will stop the glazing tendency; but on the other hand 
a soft wheel which works satisfactorily on a rigid machine, 
may, if transferred to the same work on a light machine, have 
its surface dismtegrated by the vibration. 

Selection of the Wheel.—Table VII, page 430, shows the 
various grits and grades of wheel suitable for work on a number 
of materials. In selecting from it the influence of the machine 
and quality of work required should be borne in mind. Usually 
as soft a wheel as is consistent with the requisite finish should 
be used, for with a given power the output is then greatest. 

Wheel Speeds.—The speed at which the wheel should' be 
run is the highest consistent with a proper factor of safety: 
and this leads to the rule that they should run at a certain 
circumferential velocity, which varies according to the strength 
of the wheel material, so that it is higher for hard wheels than 
for soft, and for elastic than vitrified or silicate bon^s. Elastic 
and vitrified wheels of L and M grit^can be run safely up to 7000 
feet per minute, though a rather slower speed is usual; K 
wheels up to 6000 and J up to 5000 feet per minute. Soft 
silicate wheels, G and H grade, can be run at 4000 feet ^er 
minute. Some silicate wheels have a brass wire mesh inserted 
in them in the process of manufacture with a view to safety, 
but I cannot speak from experience with regard to them. 

It should not be forgotten that the wheel should be examined 
and tested, by tapping it with a hammer, foj cracks before 
mounting it, and that the spindle should bastarted slowly an4 
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the wheel watohed, as occasionally, though very seldom, they 
run dangerously out of truth. 

When a wheel glazes, it is frecjuently recommended that 
its circumferential speed be lowered ; this tends to check the 
glazing’, but it can be checked in other ways, and then if 
those are insufficient the wheel can be changed. 

In turning the speed of cutting is limited by the heat pro¬ 
duced, which draws the temper of the tool and spoils it. In 
grinding there is no such limit, as the cutting particles can 
withstand thti temperatures produc(!d, although it may fuse 
the metal being ground. As tbe wheel diainet(U' lessons by 
wear the surface speed unavoidably drops, until it is possible 
to use the next faster s))indle speed; but otherwise it should 
not be reduced except in the cas(i of trouble from vibration. 

In circular grinding, external or internal, the work and 
wheel should run to meet one another, otherwise the, wheel 
may drive the work at intervals, producing a bad surface. 

Work Speeds.—Tbe ipiestion as to what is the best speed 
for the work in circular grinding is one upon which there are 
many anu conllicting opinions. It appears to be invariably’ 
accepted that the vork surface speed is the controlling feature, 
and that if, for a particular material, a satisfactory surface speed 
is found for any diameter of the work, then that surface speed 
will be correct for all diameters—provided that no trouble 
arises from the slenderness of a particular piect! of work, or such 
causes. This corresponds to lathe work, where the, surface 
speed at which a particular tool will cut continuously for a 
reasonablejtime, is a mark of the quality of the tool. Some 
little time ago Messrs. Brijwn & Sharpe stated that a some¬ 
what slower surface speed should be used on large diameters 
than on small, but in their latest notes they return to the 
previous point of view, and advocate the same surface speed, 
whatever the diameter be. 

Formerly it was the practice to run work at surface speeds 
from 150 feet per minute upwards to twice that amount or 
more. To-dsfy* the Speeds used are much lower, but are ^ery 
varied, some .authorities advocating speeds from 10 to 20 
and otheJk from 60 to 70 feet per minute. The intermediate 



50 GBINDING MACHINEEY 

portion of that extreme range is that which is most usually 
used. 

The following firms, who manufacture and use grinding 
machines, recommend the work surface speeds given— 


Authority. 


Work Surfacb Spied 
IN Feet ter Minute. 


Brown & Hharpo 35-65 

The Churchill Tool Co., Ltd. 85-70 

Greenwood & Batley 25 

Alfred Herbert, Ltd. (Mr. Darbysliire) 25 

The Landis Tool Co. 25 


This idea of a constant work surface spood (i.e. independent 
of the work diameter) I consider, for reasons which I give 
later, to be incorrect. For moderate diameters (say 2 inches 
to 4 inches) I think that speeds of 30 feet per minute with 
24 to 36 grit wheels, and 40 foot per minute with the finer 
grits, are suitable for mild steel; for cast iron 40 and 50 feet 
per minute respectively in the same cases; but my views are 
•given fully later. 

Table IX, page 432, gives the number of revolutions 
per minute at which work of various diameters is to be run 
in order that the work may have a selected surface speed. ■ 

The first part of the grinding operation is to remove the 
metal left on in turning for the purpose primarily of ensuring 
the work being properly ground, and the second part consists 
in securing an accurate and well-finished smface. With 
regard to the removal of stock, it is not to be immediately 
concluded—though it has not unfrequently been regarded as 
self-evident—that the higher the work speed the more rapid 
the grinding; later considerations will show that the reverse 
is more nearly the case, and it will be noticed that the fiitjM 
making the heavier machines recommend the lower work 


Finishing Speeds.— When the work has been rough ground 
to within a thousandth of an inch or so an th» diameter, it 
becomes a question of finishing, and whether the work speed 
should be changed, and, if so, whether it should be increased. 
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or diminishod. On this point again there are diametrically 
opposite opinions. 

Where the quantities are small it is not usual to ohange the 
work speed, unless the machine in use is provided with a 
quick-change device so that no time is lost, for the work can 
quite well be rough ground and finished at the same speed. 
Where the quantities are large (25 or more, but it depends 
upon the size and the allowances) it is advisable to put,the 
work through the machine twice, and in this case a different 
work speed should be selected for fini.shing. 

With the very fine cut of finishing grinding, it is evident 
that the quality of surface primarily depends upon the number 
of the cutting points of the wheel which have gone over any 
portion of the work surface. Hence the time taken simply 
depends upon how long it takes a certain amount of wheel 
surface to pass the work; that is, the tiiiKi taken does not 
depend at all on the surface velocity of the work, but only 
on that of the wheel. At these small finishing cuts no difficulty 
occurs in either increasing or diminishing the work speed as 
regards ihe behaviour of the wheel; increasing the work 
velocity, however, distributes any errors better, and should the 
wheel be worn to a (very slight) curve it lessens the faint 
spiral mark which is seen (Pig. 27), and considerably red\ices 
the effect. With the higher finishing speed, moreover, a surface 
of sufficiently good quality may bo produced in less time. The 
solo objection to the higher speeds for finishing appears 
to be that they are more likely to cause vibration troubles; 
but with ^he slight cuts used these very seldom occur if they 
are absent in the rough gsinding. 

Where then a different work speed can be used for finishing 
ij^ should be higher than lor the roughing out; from 25 to 
7.) per cent, increase is reasonable, but I believe that still more 
may frequently be used with advantage and without introducing 
troubles from vibration. With this view I believe that most 
authorities agree, but I would mention that others (Mr. Darby- 
shire, of MeSsrs. Alfred Herbert’s, and Mr. Edge, of the Bjitish 
Abrasive WReel Co., among them) advise a 26 per cent, 
reduetidh of the "work speed for finishing. 
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Difficulties and Change of Speed. —After starting the work, 
trouble may occur in the grinding, which necessitates a change 
of work si)eo(l. If the wheel glazes, increasing the speed of 
the work may j)revont it; and, on the other hand, if the wheel 
wears away too rapidly, the work speed shmild bo reduced. 
Vibration may occur between the work and the wheel, causing 
chatter marks (see page 104); the work speed should then be 
changed. If it is due to a synchronous effect a slight altera¬ 
tion, either increase or d(«rease, of the speed may atop it. 
Generally a decrtnise is advisable. The vibration is usually 
originated by a want of truth or balance in the wheel, which 
should be trued with a diamond befoi c restarting the work. 

As the time tak('n in the actual grinding of a part 
consists of two j)arts- -that of removing the allowance left 
on the work for grinding, and that of finishing to the. re(iuiaite 
degree of accuracy and quality of surface—a machine may fail 
in efficiency in either of these two divisions of the work. To 
turn out work quickly, it must be convenient to manipulate ; 
to finish accurately and well, the machine must be sufficiently 
rigid and accurate and in good condition ; while for removing 
the stock left on from the turning rapidly it must have a 
sufficiency of power and weight, with rigidity enough to corre¬ 
spond to the forces involved. 

The rate of removal of the stock also depends V(^ry largely 
on the wheel and on the speeds and feeds used. They should 
be selected so as—if possible on the particular piece of work— 
to use the machine to its full power capacity. 

Theory of Grindlng.^I have mentioned that‘I do not 
consider the work surface speed in* cylindrical grinding to be 
independent of the work diameter. The theory which I 
advance (Brit. Ass. Eeport, 1914) is that the controlling fac^jpr 

is where v is the surface velocity of the work, 


D and d the diameters of the wheel and work respectively, 
and i the diametrical reduction of the cut. For internal work 
the Adieel diameter is to be considered to be negative. If the 


quantity o® 


dl) 


1 

t exceeds a certain amount, the wheel dis- 
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■integrates tea rapidly, failing to size the work properly, and 
wasting away ; if on the other hand it is less than another 
certain quantity, the wheel surface glazes, and it fjiils to cut. 
The range between these (juantities is that in which grinding 
can proceed satisfactorily. 

Number of Cutting Points on a Wheel.— To arrive, at this 
result it is ni^ccssary to consider the action of the wheel on 
the work closely. The wheel surface consists of a large nuiaber 
of cutting points, which take chips of very small section at a 
very high speed. Behind these points lie other arrays gradually 
taking up the action as the former are broken off or get worn 
down and linally dislodged from the wheel. As an increase 
in the depth of the cut brings more points into play, and as 
truing the wheel increases the number it previously had, the 
number of ]a)ints ‘ on ’ the surface of a wheel is a rather 
indefinite number. Taking a fiO-grit wheel I estimate the 
number of cutting points at about 1500 per sipiare inch. This 
estimate may be objected to, the more especially as the. Norton 
tVuupany estimate the number at 3300 points for a wheel of 
this grit. If the particles which have passed through a square 
me.sh the spacing of the wires in which is nV inch, but had failed 
to pass one of inch spacing, were neatly and compactly 
.'irranged side by side, the number of points would be not so very 
much more than the latter estimate; but an examination of 
a wheel shows that the particles are attached together in a 
very open architectural style (see Fig. 8), giving plenty of free 
space. Also in use a particle gets dislodged from the wheel 
before it Ts much worn, and this leaves an empty space. By 
glazing a wheel slightly the points on or near the surface can 
be counted ; or they can bo counted from a record of the surface 
'■^oh as is shown in Fig. 13, A and B. 

The depth of the cut which a point takes is very small, 
much smaller than the one or tifro thousandths of an inch 
which is usually regarded as the thickness of the chip taken. 

The number of points depends on the size of the grit, being 
inversely proportional to the square of the average linear 
dimen.sion. Hence the number of points per square inch 
varies as the square of the number df the grit: e.g.. if 
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there are 1600 with 60 grit there are 1600 X (fj)* or 256 
with 24 grit. 

If the wheel be trued, the projecting points are ^turned off 
the particles, the diamond being so hard that it cuts the 
corundum or other fragments right across; this brings more 
points up to the wheel surface, so that there are more active 
points on a wheel when it has just been trued than there are 
after it has been in use. Also the width of the trued points 
is much larger, and there is no clearance behind the eSge. 
When a wheel glazes the same occurs, and the glazed points are 
smoother. In Pig. 13 at A is shown the particles on the wheel 
face of a 46-grit wheel after it has been trued with a diamond, 
and the result of use of the wheel on the number of effective 
particles is shown by the corresponding view at B. At A 
there are not only very many more particles effective, but 
the areas presented by the various particles are greater as the 
projecting edges are trued off. This is well seen at C, which 
gives a view of the trued surface magnified fifty diameters, 
and the flat, trued-off facets are of definite area. The joining 
of the particles is the bond, which is also trued off fiat. At D 
is, shown a used wheel surface magnified also fifty diameters. 
The grit in all these cases is 46 alundum. At E is shown 
a carborundum wheel surface, 86 grit, turned with a diamond 
and magnified to the same extent. The diamond cuts the 
abrasive grit across, splintering it slightly with the alundum, 
but considerably in the case of the carborundum. Li A and 
B the grit particles are black for sake of clearness; in C, 
D, E theT; show as white, and the recesses of the wheel face 
as black. 

• 

The Chips in Grinding.—The chips produced by a cup 
wheel, with plenty of water, can easily be seen and handled*; 
though of very small cross section they may be some inches 
long, and in heavy work collect in the separating channels 
of the machine as a kind of steel wool. Such chips are shown 
in Pig. 14; they resemble turnings closely. The chips pro-' 
duced by dfec wheel in circular work are very short, but 
are thicker than those from a cup wheel. If the work is 
done diy the chips are ignited by the beat, and are mostly 
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consumed as sparks. With a good flow of water, however, 
they can be collected, though some will be found melted into 



round globules. In Pig. 16, which is a phoDbgraph of the 
chips from a plain grinder, the swarf, fused globules, and some' 
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broken abrasive can be seen. The magnification is 50 
diameters. These chips present just the appearance of the 
arger chips taken by a lathe tool, but it is curious that the 
pnder chips from hardened steel resemble those from a 
tough mild steel instead of from a hard and brittle material- 
probably this is accounted for by the high temperature 
produced at the cutting point. 

Normal Velocity of the Materlal.-Now consider a small 
area on any wheel face at which grinding is taking place. 



Fig. Ifi.—V elocitiks op Wheei, and Material 

This is shown at ABCD in Pig. 16, and. may be regarded as a 
space acrJss which a large number of cutting points travel 
with a high velocity V in'the direction shown. The material 
of the work here fits the space ABCD and has a velocity there, 
vilucj we will suppose to be of the amount v, and in the direc¬ 
tion shown. Suppose this velocity split into three velocities, 
normal to the area ABCD, parallel to it and to V, and ®, 
parallel to the area and perpendicular to V. Now if alone 
existed, the .work ,yould just move along the surface of the 
Wheel without getting ground away ; and the same if alone 
existed. ^ All that v, would do would be to make the particles 
Of the wheel appear, as viewed from the work, to move faster 
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{or slower) than V by the amount v^. As shown, it would be 
faster, as and V are opposed in direction. Similarly all, that 
would do would be slightly to increase the apparent amount 
of V to ^/(V + VtY + Cj®, and to alter (slightly) by angle 

tan'‘T^= its direction as viewed from the work. This leaves 
(V+®2) 

«!i alone as the effective velocity, and upon this normal velocity 
of'the material of the work into the wheel face the grinding 
action must depend. If a steel rod were placed with its end on 
the surface of a wheel, and with its length perpendicular to the 
wheel face, and then pushed lengthways slowly into the wheel, 
it would be ground away and have normal velocity only. 

As the particles of the wheel passed the grinding space they 
would be taking cuts, and the depth of these cuts would depend 
upon the rate v, and on the time since a cutting point passed 
nearly enough along the same path. This time—very small— 
would be equal to the average distance between the following 
cutting points divided by V, their velocity. The depth of the 


cut would therefore be equal to 


V 


. p, where p is this average 


distance, wliich is evidently proportional to the size of the grit 
of the wheel. 

Now the force exerted by and on the cutting point depends 
upon the section of the chip, and therefore—in a certain wheel 
run at a definite surface velocity (V)— it depends upon c,. 
When this force reaches a certain amount it is sufficient to 
break or dislodge the particle, and hence the disintegration 
of the wheel face depends upon the normal velocil^ of the 
material. Hence o, must not exceed a certain amount. 

Ifwere very small the points of the particles would become 
worn down by the rubbing action before there was enoijgh 
metal projecting over them to enable them to cut. Thus to 
have very low tends to make the wheel glaze. These two 
quantities—the force on the cutting points and the amount of 
rubbing—control the breaking up and glazing of the wheel face, 
and? they depend on the normal velocity of the'material. 

If we alter V we shall somewhat alter the force necessary 
to take the same cut; experiments on the Variation of cuttmg, 
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force with speed m lathes show that it rises with the speed, but 
only shghtly. It is therefore best to make V as high as is 
reasonably safe, as the output is thereby increased, since Oj, and 
therefore v, is in proportion to V. 

Disc Wheel Grinding.—To illustrate more fully what is proved 
here and just how the chip is formed, suppose that A, B, C 
(Pig. 17) are three points on the circular surface of a disc wheel, 
and that they follow one another along the path CBA. This 
path is really curved, but it is supposed to be magnified so 
highly that the small piece of it at which we are looking is 
practically straight. AP, BE are two particles following the 
same track with velocity V. Now let the work in contact 
with the wheel face along A, B, C be fed into it with the velocity 



and in the direction v, which is inchned at an angle 0 to V, 
and we will suppose this angle 6 small as sketched, and the re¬ 
solved part of 1 ) perpendicular to the wheel face, only 1 per 
cent, or less of V. Directly A passes the point at which it 
is sketched, and moves off, the point A of the work moves along 
AF, and meets the cutting particle EB which has come up 
to the p^ition E'B' at F. If this takes the small time f, 
then BB' = Vt, AF = vt, ‘AG = Cjf, and GF = Vjt, where 
and Uj are the components of t) along and parallel to V, since 
^G can be taken to be the triangle of velocities. Since 
GB' must be a small quantity compared with AB, we can oon- 

AR 

sider that AB = AG -f BB' = v,t + Vf, and t = 

Hence the tluckness of the chip which the tooth E'B' is taking 
(which is PG) = t), 

That is, the thickness of the chip depends on Oi, since AB 
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evidently depends on the size of the grit only, and is only 
a small fraction of V ; that is, the thickness depends on the 
normal velocity of the material into the wheel face. This 
confirms the previous proof. 

Face Wheel Grinding. —As another illustration, consider 
work fed into the face of a cup wheel; we shall again fmd that 
the size of the chip depends on the normal velocity of the work. 
This is shown in Fig. 18. Here ABC is again the wheel face, 
and the work is feeding into it with velocity v in the direc¬ 
tion show'll, but the cutting points are moving upwards from 
the plane of the paper with velocity V. The work which passes 
the point A of the particle AD feeds along AF until it comes 



to the particle BE which cuts it and passes on upwards. The 
work continues to feed on until the next particle comes up along 
the path of BE, and in that time feeds into its path a distance 
FP', which is vt, where i is the time taken for the second 
particle at BE to follow the first. If jij be the pitch of the 
particles this way, then ji, = V<. The area of the jhip, shown 

shaded, is then FP' X PG. We have FF' = uf = Also 

FG = AP X \ since APG is the triangle of velocity for v and»ts 

components along the wheel face ABC and perpendicular to it. 
Hence if AF — the pitch of the particles the other way, we 
have for the area of the chip the value 

• PF' X FG = „. X p.. = t.’. ' 

\ V \ 

The expression p,pj evidently depends on the grit in'the wheel 
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only, and therefore again the chip section depends on »i, the 
component of the work’s velocity normal to the wheel face. 

The cutting particles are distributed ve^ irregularly in the 
wheel face, and some take deeper chips than others, but the 
above shows what happens in a case we may regard as typical 
of the average, although the action of the points of particles 
below ABO is not considered. In both of these cases the 
size of the chip depends on the normal velocity vi of the 



work to thp wheel face, and therefore the force on the cutting 
particle an3 the disintegration of the wheel face depend upon it. 

Theory of Disc Wheel Grinding. The Arc of Contact.— 
Returning to the case of a disc wheel used to grind circular , 
work, consider what happens where the wheel touches the 
work. The contact is an area or surface, with a breadth 
equal to that of the wheel and a certain length, small it is 
true, but still to be considered. It is sometimes referred ’ 
to for convenience* as a line, but if it were merely a line 
no mgtal ooul^ be removed in the grinding process. Every- ■ 
where along the arc of contact except on the line joining the 
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centres of work and wheel, the work has a normal velocity to 
the wheel face. In Pigs. 19 and 20 is shown the nature of the 
contact, Eig. 19 showing it for external and Pig. 20 for internal 
grinding. The corresponding parts are indicated by the same 
letters, so that one description applies to the two eases. The 
wheel ABCD, whose centre is at E, grinds the work PBCG,whose 
centre is at H, and the broken line CKL shows the work surface 
as^t would have been if the wheel had not ground it, so that BK 



Fio. 20 .—Contact in Intehnal Work 

U 

♦ 

is the depth of cut. The direotions^of rotation of the wheel and 
work are shown by the arrows, and the depth of cut is particu¬ 
larly exaggerated for the purpose of making matters clear. 
The arc of contact is BC, and the area of contact has a len^H 
BC with a width equal to the acting width of the wheel. 

The wheel and work surfaces run to meet one another, and 
owing to the closeness with which the particles of abrasive 
follow one another owing to the high speed, the part PBKL 
of ?he work above the line of centres EKBH is ground jilmost 
entirely away, and contact only takes place below, atoilg,> 
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BC; Since the work rotates in the direction of the arrow the 
cut begins just above the point B, so that the length of cut 
can be taken as BC, though it is a little more, and the length of 
the chip IS rather shorter, as it is compressed while being made 
To obtain the length of BC, let D = 2E be the diameter 
of the wheel, d = 2f that of the work, and t the amount 
bemg groimd off the diameter of the work, so that BK = if. 
Then calling the angle HCM, whore M is on the prolongation 
of EC, o, we have by the trigonometry of the triangle HG^— 

HE“ = HC“ + CE*±2HC.CEeos« 

where the mmus sign refers to internal grinding. Fig. 20. 

i E — = r* -|- -j. 2r K cos a 

rE cos a = rE - (r ± E)-* + 

2 8 

or rosn-1 r±E f . t‘. 

cos a _ 1 — sjjice ^ Jg gj, 

Or expanding cos a, by trigonometry, it being a small angle— 




1 r±E t 
rE ’2 




rE 


-. f 


Now if angle HEC be 0, wo have— 
sm)8_ sino 
HC ~ HE 


or 

and , 
and . 


sin/3: 


. sm a 


r± (E-if) 

«_ ra 

P E ’ a and are small angles, 

arc BC = E)9 

. V'3'4 or 

So that the length of BC depends on the diameters of both 
w ee and wgrk, ugon the depth of the cut, and whether the 
gnnding is external or internal To illustrate the aetual 
lengths involved, a few cases are given in the following table 
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for different diameters of wheel and work. The depth of the 
cut has been taken as i ,,*0 sv inch on the work diameter. 


LKN<iTH OF Arc of Contact fob jjVn ‘fOH Asidb Cut 




External. 



Internal. 


Diametor of 
wheel 

14 in. 

18 in. 

lin. 

3 in. 

Diametor of 
' work 

1 in. 

C in. 

2 in. 

12 in. 

i 

i Uin- 

2 in. 

31 in. 

5 in. 

Length of 
contact . 

0-0306 

0-06.'; 

0-0426 

0-085 

0-095 

0 045 

0-145 

0-087 



The arc of contact is thus longer than it is usually assumed 
to be, and is much longer in internal than in extemfjl grinding. 
If the depth of the cut in the internal cases be reduced to 
2 ijVi) inch on the diameter (that is, to a quarter of the previous 
amount), the length of the are of contact is halved, so that 
they are 0’047o, 0-0225, 0-0725, and 0-0435 respectively, ^or 
about the same average as the external examples given. 

As a contrast, the case.of the face wheel is shown in Pig. 21, 
which is a plan view supposing the wheel spindle to be vertical. 
The wheel ABCD shows in section as a ring, and^ the grinding 
take*s place mainly over the area marked with broken circular 
marks at AB, though a little is done on the oi)posi(e side of 
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th6 wheel. The kngth of the cut AB is now considerable, 
being rather longer than the width of the work. To secure 
flat work the work must not be much larger than the, diameter 
of the inside of thi! cup wheel, the limit being the diameter of 
the highest circle of cutting points wlum the wheel has worn a 
little. The cutting points are indicated in the figure by the 
broken arcs, and the work is shown travelling under the wheel 



in the dirrBtion of the arrow. The marks of the grinding on 
the work are also indicated. 

The chips produced in the two cases are shown in Figs. 14 
ajii 15 respectively. 

Normal Velocity of Material.—Now consider how the 
chip is formed. In Pig. 22 is shown.a figure hke Fig. 19, but 
to it are added lines showing the formation of the chip. The 
cutting poinUX hasjust moved over the arc BC, and the point 
Y is following it. Immediately X has passed any point P on 
the arc BC, the material at P begins to move along the arc 
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PQ of a circle with centre H : and if t be the time after which 

Y follows X, then PQ will be 2'7rtrfHP, where n is the r.p.m. 
of the work. Thus B will get to B, where BB = 2irMtHB, and 
C to It, where CIt =' 27rM/HG in the short time t. The cutting 
particle Y will meet the metal very nearly at SQR, and its 
extreme point will move along BPC, so that the shape of the 
chip will be of the curved triangular shape shown shaded. 
The particle Y never touches S, and T is the nearest point 
it gets to it. The distance of T from BS, however, is so small 
as to bo practically immeasurable. 

Now if V be the velocity of the surface of the work, Cll = vt, 
and if EIJ bo dra™ perpendicular to PO, then UR = Vjf, where 
is the component of the work velocity at the point 0, which 
is normal to the face CP of the wheel there; v is along the 
arc CK, and v, along the line MCE, hence Dj = « sin HCM = 
0 sin a = ra — •,* =■ va (very nearly).* 

• The values of the expressions for « and v, can easily be proved geo¬ 
metrically, a method which appeals more to enginwra than the algebraic 
one given in the text. In Fig. 19 draw CX perpendicular to HE, and let 

Y and Z lie the ends of the diamoler BEY, KHZ. In any circle the product 
of the segments of intorsectmg chords are equal (sec Euclid 111. 35), so 
that— 


and 
and .'. 


_XC 
“ XY 


XK = 


XC“ 

xz 


XB b XK 



But where, as in our case, BK is only a few thousandths of an inch and 
XY and XZ several inches, we may take XY as equal to Bl or D and XZ 
as d; and in the same way BC and XO are exceedingly nearly equal, so 
that we can consider that XC is equal to BC or a, and hence_ 


or 


BK = 



dDt 

2(d+D) 


Now draw HM perpendicular to CM; then the sides of the triangle 
CHM are perpendicular to the directions of v and^ts con\ponents v, and % 
and therefore— 


. ^ TO 

V “hM 
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Hence Ci = e V '-'^•* = • • (1) 

The thickness of the chip depends on ®j, but as the cutting 
particle lakes a chip the width of which increases with the 
breadth—and in proportion to it—unless the cutting point 
has been turned by a diamond tool so as to cut at once over 
a comparatively considerable breadth, the area of the chip 
will depend on Oj’; and as the force tending to dislodge flie 
particle varies nearly as the area of the chip, therefore it varies 
as or, since we can drop the constant 2, as— 


/ rJ 

V 


The Controlling Factor.—Also, if s = BC, we have— 
rii _ Hr 
I' 0 r + H 

so that Oi is proportional to s, and hence the at any inter¬ 
mediate point P is proportional to s, the arc up to P measured 
from B. Hence the total disintegrating action must bo 
dependent on the maximal normal velocity at 0, so that in 
reckoning up all the action along the arc the total effect 

j 1 , d -j- D 

depends on r*. —— ■ 

» aU 


,L 


The first parf. of the action from B towards P has no tendency 
to disintegrate the wheel; it tends to glaze it, as the normal 
velocity is so small, and is zero at B. The action in this early 
part of the arc is the same as in finishing with a small cut BZ. 
■ When the particles of a wheel are glazed a little they tend to 
push the work away dutmg,the early part of the arc BC, and so 
increase the rubbing and glazing further unless it bo checked. 

*It can be checked by increasing »*. • t—that is, by 


' But HM . EC = 2 X area of triangle HOE = XC X HE 
»(r-i- E 
R 


and . 


HM=: 

«i _*2s{d -t-^) 
dD 

dD( 

2(d-h'D) 


i') d-t-D, 

= «. (^ery nearly) 


• / m /d+D 

*’* ®V 2(d-hD)' "V dD ■ 
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increasing either v or t, but it is to be noticed that increasing v 
is far more effective than increasing t: for example, if ® be 
increased 30 per cent, the effect is increased 69 per cent., and 
it would re(iuire that increase of t to produce the same effect. 

Conversely to check wasting of the wheel u®. • * must be 


lessoned, and it is more effective to reduce v than t. There will 
bA in different cases a more or less wide range over which the 
cpiantity may vary, and yet the wheel work reasonably; it is 
best that its value should not be near either the glazing or wast¬ 
ing points, else a little difference anywhere may cause trouble. 

Since e® • • < contains both v and t it can be varied 

ai) 


by changing either quantity; hence we see that the actual work 
surface speed is not definitely controlled by this quantity, and 
therefore may vary ovei' a considerable range. 

Maximum Output.—Now the two quantities v and t can 
be arranged, while keeping this factor constant, to meet some 
other condition. As is the rate of removing material, 
and since this is ultimately limited by the power which can be 
taken by the machine for unit width of wheel face we have 
vt = c . . . . (2) 

as the condition for reaching the greatest output. Hence 
the most rapid output would bo obtained by decreasing v and 

increasing I, in such a way as to keep u®. . t constant. 


Pushed to its limit with a machine having indefinitely great 
power, this would indicate that the^most rapid metfiod of grind¬ 
ing is to remove the material at a single traverse, using a slow 
surface speed and a heavy cut. Besides other difficulties, 
however, this would be directly opposed to that fundamdiital 
principle of grinding which secures accuracy, although the work 
may change its shape slightly (see page 98), by taking a number 
of finer cuts. It is in any actual machine definitely limited 
bx the fact that vt is (nearly) proportionaUo the«power supplied' 
to the machine per unit width of wheel face, and this is the 
deciding factor, so that the limit is expressed by equation (2) 
above. ’ 
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We then have for a given machine and width of wheel face 
vt = c, a constant, and for a particular kind of wheel and 

material . i must lie between two limits which we will 

aJ) 


call «, and Oj; then by dividing we see that v . 


between — and wbich gives the hmils for the efficient surface 
c c 

velocity. If we find some value b between a, and Oa as actually 
the best, then we shall have— 


d + D b 
• 7iiy "" c 


as the best .surface vidocity. 

We notice that it deja’iids immediately upon the power 
factor c, and the higher this is the lower the values of the best 
surface velocity. The tendency to reduce work speeds of 
recent years is thus shown to be (in part) a direct consequence 
of the greater i)ower factor of the machines. 


Magnitude of the Quantities involved.— It will also be 
noticed that the best value of v depends upon the diameters 
of both work and wheel, but before considering this more 
closely let us consider the magnitudes of the various quantities 
involved in the action. These can easily be estimated in a 
particular case. As an o.xample, suppose that the wheel be 
14 inches diameter by 1 inch face, of 86 grit, and be running 
at 6000 feet per minute circumferential speed ; and the work 
be 2 inches diameter running at 80 foot per minute surface 
speed, wdji a depth of cut of xAct inch on the diameter. 

The rate of removal of material = | 

= 0-18 cubic inches per minute. 

Wbe length of the arc of contact = 

= 0-0296 inch 

•(rather less than A inch). 
The maximum normal velocity of the material r. 



= 12-3 inches per minute. 


d . 1) . t 
(1+11)72 
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The number of cutting points per square inch we wm laae 
as 600, though it is not a very definite number. The shape of 
the chip will be a wedge on a base which we may take to be 
rougbly rectangular with an average width of n times its depth. 
Its length will be 0-0296 inch, or jV inch. If its depth be x 
and width w* the average volume will be |. a;. m . <,>j = A w®'- 
There will be 600 X 5000 X 12 chips taken, and their volume 
will amount to . 7ix^. 600.5000.12 cubic inches, which must be 

the same as 0-18 cubic inch. So that ns* = ^ ^ = 

600 X 5000 X 12 

0-00000084 cubic inch. If we take w = 3, then x = 0-00033 and 
nx = 0-001, so that the base of the chip would bo one-thousandth 
of an inch wide and one-third of that amount deep. If n were 
larger the chip would be wider and thinner. If wo had—still 
taking n as 3—calculated the depth from the maximum normal 
velocity, we should have arrived at the same figures. The 
average ‘ pitch ’ of the consecutive cutting points on the wheel 
face would be about IS inches. 

The Force at the Grinding Point. —Several machines use a 
wheel 14 inches by 2 inches, and they are arranged to take, and 
do take, about 5 h.p. Of this a portion is used in driving the 
machine parts and absorbed in the belting, the remainder 
alone reaching the cutting point. Probably more than 1 h.p. 
is absorbed in the bolts, friction, &c., but assuming that that 
amoimt only is absorbed, it leaves 2 h.p. per inch of wheel 
face at the cutting point, so that (as 99 per cent, of this goes 
through the wheel) the force at the edge is 13 lb. 

This force is the tangential force ; the normal foi^e tending 
to separate wheel and work is very omall, but its ratio (about 
one-eighth) to the tang(mtial force depends on the condition 
of the wheel particles, and is higher if they are glazed. ^ 

The area of contact is 0-0296 square inch, and therefore con¬ 
tains usually 18 cutting points, so that the force on each averages 
0-72 lb., and the final forcfe on each 1-45 lb. Experiments on 
cutting tools in a lathe show that the force per square mch 
of cljip section increases as the area of the’seotioli diminishes. 
Taking some experiments by Prof. R. H. Smiyi) an average 
value of the cutting force on a chip of 0-001 square-inch section 
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was 290,000 Ib.pe.'S^uare inch, which would give about 0‘llb.oa 
a 0-00000034 square-inch area, while the average rate of increase 
of force per square inch of cut as the area of the cut diminished 
would increase this to 0-85 lb. This force would be that on 
a properly shaped cutting point presented correctly to the 
work; the shape and presentation of the edges of the abrasive 
particles would very considerably increase this value, so that 
within the limits of our knowledge the forces on the point 
calculated from the opposite points of view agree fairly well. 
Nothing is known as to the effect of taking the cut at so high 
a rate as 5000 feet per minute, instead of at a hundredth or 
even a fiftieth of that amount. 

Judging from the stress strain curves, the high speed would 
make little difference in the case of hard materials, but might 
reduce the work on tough metals, e.g. copper and bronze. 

The chips in Figs. 14 and 15 were made with coarser gi-it 
wheels, but bear out the above calculations as to the size of 
section. In cutting steel the cutting point has to meet alter¬ 
nate layers of ferrite (soft) and comentite (hard material) in 
the poarl’to, and these layers are of a thickness about that of 
the chip taken in grinding. The distribution of martensite 
and austenite is of a similar order of size. The changing 
force on the cutting point, exceedingly rapid though the 
variation is, may bo one reason why the harder carborundum 
does not work so well on steel as the softer but tougher 
alumina abrasives. 

Temperature Rise- —In considering the temperature effects, 
it does noiSmatter whether wo deal with the chips individually 
or in bulk, and taking the»latter view as the simpler, if H be 
the horse-power expended at the grinding point, m the number 
0 ^cubic inches of metal r -moved per minute, and supposing 
that half the head; goes into the chip, then the temperature 
rise of the chip in degrees Fahr. is— 

H X 38,008 
2 J fe p TO 

where k is thS specffic heat of the material, p its density ,^and 
J, Joule’s mecjjanical equivalent, which is equal to 778 ft.-lb.. 
For steel h — 0-113 and p = 0-284 lb. per cubic inch. So that 
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if H = 2 and w = 0*18 as in our example, we have for the 

temperature rise ^ 77 ^ X (MS x 0-284 x MS ^• 

As the metal melts at 3250°, this temperature would fuse it 
easily. 

Fused and Ribbon Chips.— In dry grinding the metal is 
ignited and burns as sparks, but in wet grinding the water 
cafries away the heat and keeps the temperature down. In 
Fig. 15, which represents chips from a heavy plain grinder, it 
will bo noticed that most of them are fused somewhat, and some 
have been melted completely and then chilled by the water 
into small globules. 

Thu temperature rise depends directly on the power used, 
and inversely as the rate of removing metal, so that it is greatest 
with hard wheels. It is higher with line grit wheels owing 
to the extra force per sijuare inch of chip section as the size 
of the chip diminishes, and also higher with the harder steels. 
By combining these factors ‘ ribbon ’ cliips can be produced, 
in which the chips are fused together and come from the 
machino as a ribbon of steel. 

Grinding Hardened Steel.—The heat produced cannot be 
lessened by any application of cooling water; the latter 
simply carries away the heat produced, and so reduces the 
temperature to which the metal rises at the cutting point. 
In grinding hardened steel there is thus considerable risk of 
drawing the temper of the metal at the surface if the work 
is hurried; so that just at the surface the stee]f would he 
softened, although remaining hard .inside, owing to the mass 
of metal absorbing the heat with a less rise of temperature. 
Thus the temper could only be drawn for a few thousandths 
of an inch deep, but this is sufficient to spoil a hardened surface, 
and this must be avoiiled by taking light cuts, and using 
plenty of water applied' right at the grinding point when 
removing the last few (live is sufficient) thousandths from the 
diaigoter of the work. 

The above estimation of the quantities in a particular case 
puts us in a position to consider another point with regard to 
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the derivation of equation (1)—namely, the effect of the length 
of the chip ; for if the chip were indefinitely long, as it might be 
supposed to be if we took a cup wheel and fed it parallel to its 
axis into some stationary work, there would finally be no room 
for the swarf, and the wheel would clog. With the dimensions 
of the chip found, it is now clear that nothing of this nature will 
take place. In modem open texture wheels there is abundant 
room for the length of the chips in circular grinding, especially 
when it is remembered that their greatest tliickness is only 
a fraction of a thousandth of an inch. In using cup wheels for 
surface grinding, the length of the chip is considerable—some 
inches it may be—but if the area of the chip be fine enough 
trouble seldom arises. 


Effect of Length of Arc of Contact.—A question may also 
be asked as to what is the effect of a longer or shorter arc of 
contact in those cases, and more particularly in internal grind¬ 
ing, where it is considered to have a very undesirable effect. 
The action, however, is similarly distributed in all cases. We 
have— 


/ d 1) , 

r, = »/y/ - . 2t 


dl) 


so that, eliminating t- 


j), _ 

s 


and s 


d-l- 1) 
dJ) 



])dt 

2(d+D) 


That is to say, the normal material velocity at any point P 
(see Pig. 22) of an arc of contact is proportional to the length 
BP ; heniw whatever the history of a cutting point, whether it 
goes a greater number o^ times over a short are or a fewer 
number over a longer one, it gets just the same amount of 
each kind of action. A cutting point as it passes along the arc 
l>tC encounters the material at grazing incidence at B, and 
rubs and glazes: then as the normal velocity increases along 
the arc it cuts. As the wheel rotates the particle makes a 
succession of cuts, gradually getting blunter until it is finally 
fractured or4om emt of its bond by the force of the cut. The 
particle, however, comes into action before it becomes, as the 
wheel wears, one of the prominent surface particles; near the 
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centre line HBE it does not cut; later it begins meeting the 
material first at almost grazing incidence. If the arc were 
longer, with the same final normal velocity a,, practically the 
same would happen, all in proportion ; but the arc being longer, 
the particles would require proportionally fewer turns before 
they became blunted and dropped out of tho wheel. 

Area of Contact is proportional to the Power.— Now, taking 
thq same equations for and s, let us eliminate d instead of f; 
1) also goes out, and we have— 


/ dl)t /i 

2""v ~ v\ 

This shows us that whatever tho diameters of work and 
wheel, the length k of tho arc of contact is proportional to vt, 
or to the. amount of power supplied per unit width of wheel 
face. 


Now in our case of a machine with a certain wheel and a 
certain amount of power available at the wheel face, vt is con¬ 
stant, and has been taken to be c: so that in all cases derived 
from the conditions (1) and (2) the arc of contact has the same 
length. 

Hence, if wo base a series of work speeds for different 
diameters upon the formula of equation (3), the arcs of contact 
will all be of the same lengtli, and tho action at each point of 
these arcs will be the same ; while the fact that the power at 
the wheel face is the same, tells us that the total force on the 
work will be the same in each case. 


Alteration of Speeds to check Wear of Wheel and^lazlng.— 

Before considering tho work speeds •based upon equation (3) it 
will be convenient to consider what is to bo done if, after a work 


speed V has been selected, trouble occurs. ^ 

Suppose that the wheel wears unduly. To prevent this, 


the quantity 


d + D 
dJ) 


. {, or, since 


d + D 
dir 


is a constant, as we 


have our work and wheel in the machine, the quantity vH is 
to b^educed. At tho same time vt is to be Kept cohstant—that 
is to say the maximum output is to be still obtp,med. To do 
this we must reduce v and increase t in the same proportion; 




this will keep tie output vt as before, but will reduce the 
normal material velocity which is disintegrating the wheel 
surface. 

As an illustration, consider the case previously taken, and 
suppose the wheel so soft that it wore badly under the speed 
(30 feet per minute), and the cut inch on the diameter). 
The normal material yelocity was ]2'3 inches per minute. 
Now, if the speed be reduced to 15 feet per minute, and the 
cut put up to i^TT inch on the diameter, the rate of removing 
stock will bo the same, but the destructive normal velocity 
is reduced to 6-15 inches per minute, which the wheel will 
probably withstand. 

Conversely, if the wheel be glazing, the work surface velocity 
must be increased, and the depth of cut decreased; this 
increases the normal material velocity, and disintegrates the 
face of the wheel faster, preventing glazing. 

The simplest way to reduce wheel wear is to reduce the 
cross-feed ; when, however, this has been reduced sufficiently to 
check the wheel wear satisfactorily, the possible output from 
the machme has been very much lessened. It has gradually 
been found from experience that it is better to reduce the work 
speed than the cross-feed, but this also lessens the output 
possible. The correct method is that given above—to reduce 
the work speed far more than is sufficient to regulate the wheel 
wear, and to increase the cross-feed simultaneously. 

The normal material velocity, v 

possible is^ function of (i.e. depends on) the nature of the 
wheel and work material ojily ; it may bo said to express the 
grade of the wheel. It is not an exact quantity—a wheel dis¬ 
integrates, and it is a quosticn w'hether it is doing so too rapidly 
for economy. The amount in the example, 12 inches per 
minute, is suitable for a 36 K wheel; with 16 inches the wheel 
face usually loses too much to be satisfactory, but with 3846 K 
alundum wheels Messrs. Brown & Sharpe run at 20 inches 
satisfactorily.* Por«economy a wheel must disintegrate, and 
the best rate is a matter of the ratio of wheel and labour 
cost. 
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Deduced Work Speeds.— Now, considering equation (3), we 

haveo = -. ^ and taking the example given as satisfactory 

,c d + D 

we obtain the quantities in tho following table as corresponding. 


Work Srasns asd Feeds in CntccLAR Work 


Work dianiotor—inches 


1 

o 

• - 

4 1 

8 

ifi j 

Swrfacc velocity-—foot per minute 

8-3 

IK 

30 

.TO-S 

87-7 

128 |.d_- 
1 ^ ® 

Cross-feed—thousandths of inch 
on diain. . . . • 

3-K. 

1-87 

1 

•!57 

•34 

•23 t| 

H.P.M. 

f)3'.5 1 

()1 

57-4 

.70-fi 

42 

30-R 

Surface velocity—foot per minute 

8-2 

156 

28-6 , 49- 

76-3 

lOK ,S_j 

Crosa-foed—thousandths of inch 
on dtam. . . • • 

1 

3-e6: 

1-92 

10-.7 

•61 

■39 

o s 

. 

fi2-7 1 

.TOT 1 rA-1 

47 

36-0 

2.5-2 


In this table I have taken a very wide range -in practice 
such different diameters as -J- inch and 16 inches would bo 
done on very different machines—in order to show where 
difficulties arise in carrying out tho natural formula of equation 
(3). The table shows the speeds and also the corresponding 
feeds for tho various work diameters with a 14-inch wheel, 
and again with it supposed worn down to 10 inches diameter. 
The difference of wheel diameter has not very much effect.. 

It will bo noticed that tho r.p.m. are much more nearly 
constant than the surface speeds; further consideiations will, 
however, make an alteration. 


Changes to meet Vibration of Slender Work.— Work of 
I inch diameter according to the above table run^ at 8'3 feet 
per minute, which is within the limits of modern speeds, but 
the amount of cross-feed—0'0030 inch on the diameter—is very 
high, and the slender work would vibrate under the cut, the 
force due to which is the same in all the series of diametftrs. 
To check the vibration and chatter the force of the cut must be 

d-f D 
• dD 


reduced, and hence vt must be made smaller. But o* 


2t 


must be the same, so that v is to be increased and t diminished. 
As*an example, suppose that the force be halved: the velocity 
must be doubled and tho cross-feed reduced lo one quarter, 
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so that they -would be 16| feet per minute and inch or 
less on the diameter. The tendency to vibration here hmits 
the output and not the power which is conveyed to the machine. 
To what extent the velocity has to be raised and feed reduced 
depends on the length of the part and the efficiency of the 
steadies. Thus on small diameter work the speed usually has 
to be raised above the speed given by equation (3), and it is 
done at a sacrifice of the rate of removing material. 

Effect of changing Width of Wheei Face.—At the other end of 
the scale we have a dill'erent set of conditions—the work speed 
is very liigh and the depth of cut small, and this is also the case 
with internal grinding. Now high work speed may mean trouble 
from vibration, duo to the work being out of balance; also such 
fine cuts as those indicated are the finest for which a machine is 
usually arranged, or less still, and with a slender internal spindle 
difficult to use for other reasons; it is, therefore, desirable to 
be able to use less work speed and deeper cuts. Keeping 
to the same grit and grade of wheel, there is only one way 
to <do this, which is by increasing the value of vt; then v can 
be reduced in just the ratio in which vt is increased, and t can 

b c* 

be increased in the square of the ratio, since '» = - und t = ^ 

and c is increased. Now the maximum power delivered to 
the machine is fixed, and hence the only way to increase vt is 
to decrease the width of the wheel used, as rt is the power per 
inch width of wheel face. So that for large diameter work 
a narrower wheel should be used than for medium sizes. 
Again colisidering our example, if we used a wheel of 1 inch 
face instead of 2 inches,,the work speed to suit it would be 
44 feet per minute for 8-inch work and 64 for 16-inch diameter 
fork, and the cross-feeds IJ and 1 thousandth on the diameter. 
The disintegrating effect is just as before, and the power 
employed and the output are similar. The total force of the 
wheel on the work is the same, but it is concentrated along 
one inch length instead of along two inches. The cross-feeds 
would now he of ainounts suitable for use; while the pre-vious 
small amouqjis could only be employed advantageously as 
the accuracy of the work was improved by the grinding. 
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The effective width of wheel face in use is that of the 
traverse per revolution of the work, so that the power used 
per width of wheel face may be increased by using a slower 
travel. In the next chapter, however, it is shown that the 
traverse should bo between | and J of the width of the wheel 
face, and it is seldom that more than one such rate is available; 
and I have accordingly, for the sake of simplicity, taken the 
efefctive width as proportional to the actual width of the wheel 
face, in the above considerations. 

The influence of wheel diameter change, due to wear or 
actual change, on the correct work speeds and on the desirable 
width of wheel face, is little in external grinding, but becomes 
very important in the case of internal work. In Cliapter VII, 
accordingly, the matter is dealt with more fully. 


Effect of Change of Grade.—Another way of overcoming 
the difficulty is to use a softer grade wheel; by this the value 


of 


d + 1) 
dD* ■ 


2< is lowered, as a less normal material velocity 


is suitable. This is not the only effect, though, of a change 
of grade, as for the same h.p. supplied the value of vt —twice 
the material removed—increases; so that a change of grade 
is effective in a double way, and the variation of a single 
letter in the grade makes a considerable difference. Since vt is 
now increased the output is increased. 

This is generally the effect of changing the wheel for one 
of a softer grade. The normal material velocity must be less, 
and also vt is increased, giving a double effect in lowering the 
correct surface speed. If by means of a more powerful machine 
we further increase vt, the surface speed is lowered further 
stiU. The depth of cut and the output are increased by 
both alterations; the particles of abrasive do not do quite 
BO much work, and more are used. This has been the trend 
of development of wheels and machines for some years; 
the correct surface speeds have therefore been considerably 
lowered. 

t' • ^ * 

Brom the output point of view soft wheels of a coarse grit 
should be used ; if the work is to be finished ’with the same 
wheel, the quality of surface desired controls these points. 
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If the wheel wasten away the work speed is to be lowered, and 
the depth of cut increased. Lowering the work speed alone is 
effective, but it sacrifices output, which can be maintained by 
lowering the speed more and simultaneously increasing the 
depth of cut. The converse is to be done if the wheel glazes. 
For linishing, the work speed should be increased if the amount 
of grinding warrants the change, as hero the depth of cut is 
small, and the tendency to glaze increases. This increase is 
an advantage in finishing work, but a considerable increase 
of speed is permissible, as the depth of cut is so small. Work 
of small diameter usually necessitates a reduction in the 
rate of removal of material, even if it be well steadied. On 
large work, to secure cross-feeds of amounts which can be 
reliably maintained, softer or narrower wheels are to be used ; 
the sariie apjdies to internal grinding and also to flat surface 
grinding with a disc wheel, which is the same case with d 
made very large indeed. 

My conclusion then is that no correct work speeds can be 
given when the material of the work and kind of wheel alone 
are specified, as the power supplied and diameter of the work 
affect the matter very considerably. 

The attention now paid to particular work surface speeds 
and the advocacy of certain rates is due, I consider, to a mis¬ 
apprehension of the real nature of disc wheel grinding and 
to a desire to bring the practice into line with lathe work, to 
which it is only superficially akin. The adverse criticism of 
the high surface speeds used in the past is mistaken; men were 
just as cn^able then as they are to-day, and it can be taken 
as certain that they adopted the speeds most suitable for the 
appliances available. The generally accepted views of what 
aje suitable speeds to-day are given earlier in this chapter, but 
are based upon the prevailing idea that there is one suitable 
work surface speed. 

With the understanding of the ptmciples elucidated above, 
readers should not have much difficulty m arriving at the 
best speeds after l&iowledge of the particular machine in use 
has been acaijired. Figs. 199 and 200 will be useful. 

Though the normal material feed will have certain limits 
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between which it must lie, it is best to work well away from 
them—alterations being made when an indication is shown that 
the spee,(l is near one of the margins. Neither glazing nor 
wasting occur at once, and can usually be checked by atten¬ 
tion ; it takes more to break up a glazed wheel surface than 
to check it from glazing. Neither is it well to run too near 
the limit of the power supplied by the belt to the machine; 
it^may hasten matters for a time, but invites trouble, e.g. if the 
machine slows so much as to check the water supply, the work 
may be spoilt. 

Effect of Wheel Velocity. —The wheel velocity simply 
enters into everything—except vibration effects—as a ratio ; 
if it is increased or decreased all velocities and outputs change 
in the same ratio. The fall of wheel velocity as its diameter 
decreases has not the same effect as speeding the machine 
differently. The power delivered to the wheel is the same, so 
long as the belt is on the same stops of the cone pulleys, and 
the output possibility is not altered, but feeds would need 
modifying to meet the lessenmg of V—and hence the normal 
material velocity—while vt was constant. To lessen V has 
the same effect as increasing v; it should therefore be done 
only to meet troubles due to synchronous vibration. 

Effect of Traverse.— So far we have merely considered the 
work to rotate ; the sideways traverse introduces the velocity 
e^of Fig. 1C, as is shown in Fig. 23, where along Ox at the lower 
edge OA of the area of contact OABC the normal velocity 
is Ujj Ug is very nearly egual to the surface velocity, and Vg is 
the travel velocity; the latter produces very littie effect, as 
its value is so small compared to V, which it alters relatively 

to yV* + VaK 

The grinding at the point here depends on Uj—the effect 
of Vg and Ua is to present surface of the work to the wheel. 
The extent of ground surface depends upon the Ua, and the 
volume of material, removed on Uj, while Va, the travel, merely 
serves as a mechanical device for continuing the action. If 
0 , atted alone a hollow flat would he ground along the circular 
work; the shape of the edge of the wheel would wear to a 
shape which would give a feed corresponding to that described 
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in Pig. 24 as relating to a face wheel, the feed to which takes 
place as below. 



Cup Wheels.-Tn grinding with a cup wheel, the work is 
simply fed '.o the face of the wheel parallel to the face itself, 
either by a slide or rotatory'motion. If the wheel axis is per¬ 
pendicular to the slide, the work is flat, and the wheel face is 
frecpently considered to ho hat, as its defect from flatness does 
not produce marks similar to the visible helical marks produced 
on cylindrical work when the wheel wears slightly round. 
Actually the wheel face is slightly curved, as is shown in an 
exaggerated manner in Pig. 24, where, the material is fee ding 
with velocity v, parallel to the lino AB touching the wheel face. 
The outside APeof the wheel face does most of the work, and 
wears to such a shape as that shown, while the inner face AD 
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wears a little, as some grinding always takes place along EB. 
At any point then the velocity v can be resolved into along 
the wheel surface and v, normal to it, which latter controls the 
cutting. The whole curve AC is very shallow, as CF is the 
depth of the feed, which is only a few thousandths of an inch, 
so that is very small indeed. The width of the work which 
can be ground flat is AB, which is a little more than the inside 
diameter of the wheel. The area of contact which is the 
width of the work by AC, can be anything up to ABx AC, and 
is very considerable, and contains a very largo number of 
cutting points, necessitating a very small chip for each of them, 
else an unpracticably large driving force would be required. 



In disc wheel work the grazing incidence of the cutting points in 
the first part of the contact, BP in Pig. 22, tends to glaze the 
particles, and this is corrected by a suitably liigh normal velocity 
at the point C ; in the plane ABC this grazing incidence does 
not occur, but the unavoidably small normal velocity over the 
whole surface makes the wheel likely to glazo.i‘ The wheels 
used therefore must be of soft (abeut H) grade, and they should 
be of coarse grit, so as to keep the number of cutting points 
small, so that the share of the driving power which each point 
gets is as large as possible. 

For simplicity the section in Fig. 24 is supposed to be 
taken through the axis of the wheel spindle, and the velocity df 
any point on the section CAD of the wheel face is normal to 
the paper, as in the case sketched in Pig.*18. At other parallel 
sections the cutting particles have a velocity inclined to the 
paper surface, giving a lesser component perpendicular to that 




THE WHEEL AND THE WOBK 83 

surface and a component parallel to v. The value of is thus 
affected indirectly, being the velocity of the material normal 
to the wheel face. It deoroase.s continually (at any rlidius) as 
the point we are considering departs from the section taken ; 
when it reaches the plane at right angles to that its value is 
zero. This variation of the action, however, makes no difference 
to our ultimate conclusions, which must be similar to those 
deduced for disc wheel grinding. 

By using cup wheels with thin walls the number of cutting 
points is kept small, but a limit is soon reached in this direc¬ 
tion, owing to risk in making and using the wheels. In any 
particular case the wheel may bo bevelled on its cutting edge 
to reduce the number of points and prevent glazing, but so 
wasteful a measure should only be resorted to under necessity. 

The wheel surface has loss power per square inch of contact 
when the work is wide, so that it is least under control in that 
case, and the wheels need then to be softer and coarser than are 
suitable for narrower work. 

The rate of removing material is btv, where bis the breadth 
of the work and t the depth of the out: for example, on work 
10 inches wide, with a depth of cut of 0-002 inch, a work velocity 
of 50 inches per minute would remove a cubic inch in that time. 
If AE wore then f inch (say for a wheel having walls 1 inch ■ 

thick), the normal velocity would bo 50 X or 0-133 inches 

*75 

per minute, or only u*,-, of the rate in the example of circular work 
taken. If the grit were 24 with about 250 points per square 
inch, and (1^3 wheel speed 4000 feet per minute, there would be 
250 X 4000 X 12 chips takbn in that time, so that their sec¬ 
tional area would be about -r^jroWon square inch, which is much 
les* than the section of the chips taken by the smaller grit 
wheel on circular work in the previous example. An examina¬ 
tion under the microscope of such chips as are shown in Eig. 14 
shows them to be of this order of size,'but usually rather larger 
in section, which indicates that fewer cutting points are in 
action than has -been estimated. 



CHAPTER IV 


THE WORK AND THE MACHINE 

The Development of Machine Grinding. —The difficulties which 
had to l)e overcome in order to make the success of the modern 
grinding machine, como into two classes : those inherent in 
the process of grinding, and those involved in tlie necessary 
mechanism of the machines to attain the desired ends— 
accuracy, finish, and quantity. Some of tlie difficulties of the 
process and tin* ways of overcoming tliein have been described 
in the preceding cha))ters; others will l)e best illustrated in 
connection with the consideration of the development of the 
machines and of the details involved. 

As the process of machinfi grinding was first applied to 
work of circular section, such as shafts and spindles, and as 
these still form the most important application, wo shall 
consider the process principally from that point of view. 

The earliest grinding machines consisted of lathes with a grind¬ 
ing head and spindle mounted on the slide rest and driven from 
overhead. This is a practice still followed occasionally, either 
by reason of its small initial cost as plant, or for the advantage 
of performing lathe and grinding operations at one sotting of 
the work. Its advantages are most apparent irf the case of 
small work, such as is done in watch lathes, when several 
opaertions can be performed on a piece of work without re* 
setting by means of attachments (such as grinding spindles) 
to the lathe, or by transferring the work by interchangeable 
quills from one machine to another. The highly finished surface 
of watch lathe beds and parts enables them to be kept fairly 
free from grit, which sticks to and rapidly ruins the oily ways 
of»an ordinary lathe. Hence dry grinding is not so detrimental 



Dry Grinding —In such arrangements and in some of tm 
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earlier machines T^hich followed them the work is ground 
dry. This makes it necessary to use wheels with comparatively 
narrow faces, and to employ hght cuts, otherwise untrue work 
results from the effects of the heat produced. 

As the grinding head in lathe grinding is carried on the 
compound rest, it has several sliding surfaces between it and 
the bed, which is not a suitable arrangement to withstand 
the tendency of the spindle to vibrate; for this reason, and 
because the line adjustments desirable in a grinding machine 
are not provided on lathes, it is not easy to obtain tirst-rate 
work quickly in this manner. 

Furthermore, the dust frojii dry grmding consists partly of 
exceedingly line particles which lloat in the air, and are carried 
to all parts of the machine and lodge on them, especially 
if these parts are oily. Bearings can be very effectively 
guarded from the grit, but sliding surfaces are far more difficult 
to protect. Examples of guarding are seen later, but the best 
practice is to extract the air and dust away with an exhaust 
fan (see Fig. 122), and thus protect not only the machine 
but the operator from the ill-effects of tlu! grit-laden air. 
Where the amount of dry grinding is considerable, suitable 
provision for dust extraction must bi‘ made to meet the reeprire- 
ments of Factory legislation. 

Protection against Dust. —With these points in view it is 
evident that the first call in a grinding machine is for the 
protection of its parts from the waste abrasive. For other 
reasons modern manufacturmg grhiders work with an abundant 
how of w i^r, or some other Iluid, over the cutting points of 
the wheel; this at once simphfies the problem of protection 
very considerably, and in many machines practically perfect 
protection is obtained. In the case of small machines which 
work dry, such as small internal grinders and cutter grinders, 
the difficulties are considerable, but unless they are carefully 
considered and met in the design, tire machine can preserve' 
its accuracy for a short time only. 

Wet Grinding. —Wet grinding meets the dust difficulty,*but 
its employmiut is essentially due to the need of keepmg the 
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temperature nearly constant, and so permitting the work to 
be ground accurately far more rapidly than if done dry, and 
to its lubricating properties, which enable a fine finish to be 
obtained quickly. In dry grinding the temperature rises very 
considerably, and trouble is caused by the work changing 
its shape, and causing inaccuracies in the product. Actually 
the material can be removed more quickly by dry grinding, 
but as the accuracy and finish are lost the process is without 
its chief merits, and is uncommercial. 

Grinding Solutions.—The solution used must be thin, and 
may bo cither plain water, water with soda dissolved in it, 
or a solution of soluble oil, or one of the preparations now on 
the market for this special purpose. For cast iron and for 
hardened steel work the soda solution is to be used, but the 
soluble oil or special preparations give the best finish on softer 
steel work. For the soda solution, sufficient soda must be 
used (IJ to 2 oz. of soda to the gallon of water) to leave an 
efflorescence when the solution evaporates; this solution is 
quite ‘ thin,’ and the wheels cut freely when it is used. So 
with soluble oil just sufficient is to be used to prevent the 
parts or machine from rusting. The groat disadvantage of 
plain water is that it rusts tho machine and the work (the 
latter unless it is oiled immediately it is taken from the machine), 
and for that reason I consider it uncommercial and undesirable. 
However, there are advocates of its use, chiefly urging that 
the grit contained in a solution pumped over the work con¬ 
tinuously, and the gradual rise of temperature, affect the work. 

As the first requirement is dust protection, so; the second 
is the provision of arrangements for dealing with an ample 
supply of liquid. The use of solutions involves the use of a 
pump, and the provision of a tank (which is frequently formed 
in the body of the machine); the apparatus used, nozzles, 
and systems of guarding the working parts from the solution, 
are described later on, as they vary somewhat in different 
machines. 

Beyond the dust difficulty, the chief one encountered in dry: j 
grinding is that of the effects of the heat produced, and with 
the early hard wheels it was greater than with the modern free- ) 
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cutting -wheels. Ertther, the grmding machine was then used 
for work on hardened steel almost entirely, and a piece of 
hardened steel is practically never straight. In grinding it 
between the centres much more would be ground off" one side 
than off the other, and when the work was finished it would 
be straight and true, but its temperature would be unequal, 
one side being much hotter than the other, and as the work 
cooled and the temperature became equalised, the contraction 
of the side previously the hotter would bow the work, making 
it concave on that side. 

In the absence of cooling liquid, the solution of the difficulty 
is to take plenty of time over the work, or to let it have frequent 
intervals of rest, which is not an economical course. In order 
to distribute the cutting, and so the heat produced, as uniformly 
as possible over the work longitudinally, and thus to minimise 
these bad effects, the work was rotated rapidly (about 150 to 
250 feet per minute, circmnferentialspeed), and a narrow-faced 
wheel used. This practice has endured long after the difficulty 
it was intended to overcome had been removed by the free 
use of v'ater, although for heavy cutting slower speeds are 
advantageous, as previously shown. 

Distortion in Dry Grinding.—The amount of bowing is 
very conspicuous when the accuracy aimed at in ground work 
is considered. Suppose, for example, a piece of work | inch 
in diameter by ff inches long be ground, and that when it is 
finished ike temperature varied uniformly across the piece, 
one side being 60° E. hotter than the other; then when cold 
this side v-jll be shorter than the other side by 9 X 60e inches, 
where e is the coefficient of expansion of the material (see 
Notes, page 438). The result would be that the piece would 
v^rp, as it cooled, into an arc of a circle, and the eccentricity 

at the centre would be J ^= 4 - 

U- J 

For steel, for which e is about 0-0000065, this is rather more 
than inch. 

If i be the length, d the diameter of the piece, and (the differenoe of 
initial temperattre of the two sides, the difference of oontraotion is 
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and this results in the part cooling to an arc of a circle of radius R, where 
d 

R = - , since the inside circumference is then shorter than the outside 
te 

oircumforohce, in the ratio of the sides of the cooled work. An arc of 
this radius of length I is bowed an amount 

on or 8 T> '"'hioh IS equal to i , 

JiiX K d 

Work Expansion and Spring Tailstoeks.— Besides this bowing, 
the work, if tho temperature rose uniformly or irregularly 
in it, would expand longitudinally as a whole. To prevent 
this giving rise to largo axial forces tho tailstock barrel 
was arranged, to bo held up to its work by a spring, and 
not clamped, so that tho expansion would press the barrel 
back. This construction is now employed as the best, although 
water is used; for heavy work the tailstock barrel is usually 
clamped, and occasionally released and re-tightened. 

When water was first introduced to keep the temperature 
of the work low or constant, it was applied in a small stream, 
and the above difficulties were reduced, although they were 
not entirely overcome, for the heat ])roduced caused effects 
during the grinding as well as afterwards. 

‘ Change of Axis.’ Temperature Effects.— When a piece of 
work, particularly if of hardened steel, is pkci^d in a grinding 
machine, it will not run true, and as it revolves and traverses 
past the wheel some parts of the skin will bo ground before 
others. These parts will then be the hotter, so that if i.hey occur 
along one side of the work that side will expand, and the 
work as a whole will be bowed, that side beconi>«g convex. 
The result is that this side will be .ground still more, and the 
other side will not be touched. As the temperature equalises 
itself by conduction through the work, the work tends to become 
straighter, and then the opposite side of the work, which so 
far has not been ground, becomes the farthest from the axis, 
and is consequently ground. Tho work then is not round. 
Later the two parts at right angles to the line joining the parts 
first ground will bo ground. Thus tho* grinding proceeds 
^ irregularly and unsatisfactorily as to accuracy of .work 
*shape. 
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When any such irregularity in grinding occura the attention 
should first be paid to the centres. 

Advantage of ‘ Dead ’ Centres. —If the work head centre 
is live, as in a lathe (and as is used for convenience in some 
grinding work), it may run out of truth, thereby throwing a 
previously truly turned piece of work out of truth at that end. 
In grinding machines, to prevent such irregularities both 
centres are made dead wherever it is possible, and the work 
driven by means of a dead centre pulley or gear, revolving 
round one of them, as is illustrated in Digs. 69 and 117. In 
that casi^, if the centres and centre holes in the work are 
properly shaped, and free from dirt, any defect in the round¬ 
ness of the work must be due to some change of the shape of 
the material as the grinding goes on. 

So, when such an irregularity occurs, it is best first to 
examine the centres themselves, and then to clean the centre 
holes (see Eig. 87, page 214), and try whether the effect is then 
removed. If it is not, and the water supply is as full as is 
provided on the machine, the cut must be reduced and the 
work done more slowly. If the wheel is not cutthig quite 
freely it should be changed for one of a softer grade, or if one 
is not available, the width of the face of the wheel reduced. 

If it is the bowing or ‘ change of axis ’ of the work which 
causes this effect, it is most conspicuous at the centre of the 
length, and the position of the greatest irregularity is a guide 
as to whether the trouble is due to ‘ change of axis ’ or is 
connected with the centres. 

This '.,wuble is accentuated in thui hollow work, as then 
the heat generated has tt) be conducted round the circum¬ 
ference through the thin metal instead of through the whole 
saetion when it is solid, thus it takes longer. In grinding 
thin work it is well to go slowly, and not rough out with a 
heavy cut. 

The energy brought to the grinUing point (about 99 per 
cent, coming throujjh the wheel spindle) is turned into heat 
■'as the metal is removed; this heat immediately raises the 4em- 
perature at th* point to a very high degree, so that the ground- i 
off particles burn as sparks and the spot on the work becomes 
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very hot. Tho chief function of the water is to cool this spot 
promptly and carry away the heat before it has time to spread 
by conduction into the body of the material, and so distort 
it; hence tho fluid should bo aj)plied as directly to the grinding 
spot as is possible. This presents no difficulty in external, 
but is not so easy on internal, work. 

AVben tho grinding is dry the ground-oi'f metal is sometimes 
entirely burnt away, only abrasive dust being left; even 
under a heavy flow of water some of tho small chips are burnt 
as sparks or fused into spherical globules. 

Effect of Internal Strains.— The abundant water supply 
used on modern machines and the free-cutting wheels have 
almost eliminated this change of shape due to temperature, 
but a similar effect, though it is less in amount, is due to 
another cause—the existence of internal stresses in the material 
of the work. Such stresses are produced and loft in tho 
itiatorial by any mechanical treatment severe enough to 
produce ponnanent set. LIpon tho results of this cause no 
water supply or grade of wheel can have any effect, as they 
are due to the removal of material which carried stress, and 
so k(ipt the work in its original shape. 

Neither the temperature effect nor the relieved stress effect 
occur until turnnig marks are ground out, and both are most 
conspicuous at the centre of the length, so that they are difficult 
to distinguish, and also the latter may Induce the former. 
The stress effect is to bo suspected if the work is from the 
unt urned bar, particularly if it is bright drawn. 

Distribution of Internal Stress and its Magnitude.— To 

illustrate tho manner in which relieved internal stress produces 
its effect, let us consider a rectangular bar which happens to 
be bent (say into the arc of a circle), and is then free from 
internal stresses and strains. Now straighten this bar by 
bending it very slightly beyond the straight line (the opposite 
way to which it was initially bent), and then releasing it, so 
that its elasticity restores it to the straight lino, and it remains 
there. This bar has then internal stresses in it. What the^ 
are and their distribution depends upon how much bent the 
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bar was at first, and its particular cross-section. If the bar 
was originally bent to any degree exceeding a small amount, 
the internal stress loft on the outside is compressive stress 
on the side where the bar was previously concave.* Eig. 25 
shows a typical case, and gives the stresses in a rectangular 
bar. It is di-awii to scale for a square bar 8 inches by 3 inches 
section and 2 feet long, originally bent so as to be fir inch 
out of straight (i.e. the distance between the hollow of the 
concave side and a straight-edge pladcd across the end is 
i'',; inch). The matt'rial of the bar has a yield-point at 40,000 lb. 



per square inch. The figures are supj)osed drawn on a line of sec¬ 
tion of the bar—that is, ABC is a lino across the bar, and the 
length Q 11 , Represents the stress at that point; ahc is the same 
lino, and jmi the strain, extension or contraction. When the 
bar is bent for straightening, just before it is released, the 
stresses are given by the broken line DEBEG, the corresponding 
strain line being dbg ; that is, the stress is zero at the centre 
of gravity of the section—here the centre—and increases both 
ways till it roaches 40,000 lb. per square inch at one third the dis¬ 
tance out, and thei^ remains the same to the outside. After re¬ 
lease the stress left in the bar takes the figure HKLBMNi-’,»and 
the strain the 4ine hbf; that is, the stress is zero at the centre, 
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runs up to 20,778 lb. poi' s((uaro inch at J inch from the centre, 
then diminishes to zero at a little over 1 inch from the centre, 
and then is of the opposite nature and increases to 17,778 lb. 
per square inch at the outside. In mild steel the state of stress 
left is symmetrical. The more the bar was bent initially the 
greater these stressi's are at the skin; they do iioti in a bar 
of rectangular or circular section approach the yield-point 
str(!S.s of the material, t'alcnlation shows that in a rectangular 
bar the maximum amount is half the yield-point si.ress, but in 
a bar of crucifoi'in section the stress can rsiach the yield-i)oiut. 

Now suppose that we mill a piece off the side of this bar 
in which there is a compressive stress. The liar will shortcar 
as a wdiole- - but t his will 1)0 a very small matter and will not 
concern ns—and will laaid up, this side becoming concave. 
If on machining the machined side becomes convex, it will 
show that it had internal tension in it before machining. 
The whole distribution of stress alters on ma-chining; for 
e.xaniple, the zero stresses ai'e not afterwards at the same 
points of the material as before. 'LTie amount such a ])ieco 
of work may buckle depends on its lenglih and thinness, and 
upon the yield-point, of the material; as an example, some 
cold rolled strips 82 mches long by 0-2 inch thick, machined 
on oiK^ side to -f., inch, buckled, when released from the miller, 
into an arc IJ inches high. 

Usually the amount of distortion can only' be small, but 
it is very perceptible in grinding. If a round piece of work 
contained such st.resses as above described, and the side with 
the compressive stress touched the wheel first, tiio bowing 
would make it tend to shrink away trom the wheel; when the 
side with the tensional stress was ground it would tend towards 
the wheel, so that effects in grinding would be somewhat 
similar to those due to heat effects. 

Type of Stress frequent in bright Drawn Steei. —If, however, 
the whole of the outside circumference initially had tensile 
internal stresses, and the interior compressi^ve, the longitudmal 
results balancing, immediately any part of the bar was ground 
it would bend towards the wheel and be gromid more, and 
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when the bar was so reduced that another part of the 
circumference was ground, the bending would take place in 
that direction. This is tlu' state of stress which .occurs in 
bright drawn stcsd when drawn with a heavy reduction, and 
renders grinding difficult. The initial states of stress in bright 
drawn steel have been found experimentally to run up to 
.50,000 lb. per square inch tensile and .54,000 lb. compressive, 
and such amounts render the distortion as grinding proceeds 
very conspicuous. 

I have found that reeled bai’s and hot woi-ked bars grind 
without any trouble from this source. The reeled bars have 
internal stresses ; it is the screw symmetry of the distribution 
of tb(' stH'ss catised liy the rotation in reeling which causes 
this frisedorn from trouble. 

Both temperatun! and relieved stress (dTecl.s are due to 
llie elongation (or coidi'action) of the length of parts of the 
material. Under a rise of temperature of 100° F. a steel bar 
expands O-OOOO.l of its kuigtli.and about the same elongation is 
produced by a sl,ress of 20,000 lb. per scpiare inch, which is less 
than half the yield-pointi stress of regular mild steel. The 
distortion effects duo to the relief of stress are, however, much 
tho smaller, as they are due to the removal of a small portion 
only of the material. 

Remedies. —Tho greater part of tho change of shape takes 
place the moment the material is removed, and is permanent, 
but there is a small after-effect which takes place very slowdy. 
The easiest way to meet this difficulty is to rough grind first 
and alloiAan interval before finish grinding, but where very 
precise work is required (t>.g. inachme tool spindles) the most 
satisfactory ntotbod is to anneal them slightly. Very little 
i» necessary (boiling for a short time in water I consider is 
sufficient), so that the hardness will not be affected. It has 
been shown that the crystalline structure of overstrained mild 
stool reforms itself when annealed dven in this slight manner, 
but further investigation into the subject, especially as regards 
hardened steel, is desirable. 

Although la piece of work may show irregularities m the 
grinding, it does not always moan that there is any real trouble; 
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errors are sliowii uj) so conspicuously in a good grinding 
machine that the amount involved is apt to he over-estimated. 
If the work grinds regularly it may be taken to ho right; if 
there are slight irregularities it is a (juestion of the particular 
recpiirements whether they arc sufficient to Ix' of importance. 

Necessity for True Wheels. —In the early machines the 
width of th(i wheel used was small, (iliiefly for reasons of the 
heat effects, but with the provision of good wai.er supplies 
and the improvements in wheels, the width employed has boon 
much increascid, with the advantages of l)rmging a larger 
number of cutting points into action. To bring the width of 
the wheel effectively into action it inust be trued so that 
where it, touches the work it is parallel to tlu! siii'face it is 
producing, otherwise the traverse of t,he work as it rotates 
will produce a screw thread mark down the work, and part 
of the wheel may not come into action at all. As the dept.h 
of cut is only a ftiw thousandths of an inch at most, and in 
finishing is very small indeed, tlui diamond tool for turning 
the wheel trufr shoidd he mechanically guided, so as to have 
the same movement relatively to the wheel as the work has; 
this is most ])erfectly attained hy simply attaching the diamond 
tool to the work table, whether the machiui! he for external, 
internal, or surface work. It should cut the wheel as near as 
possilde to the place whore the wheel cuts the work, otherwise 
—if the wheel spindle be not parallel to the line of travel of 
the work—it will not true it quite as correctly as it ought to 
bo done (see pages 1.50-2). 

Rate of Travel. —After the wheel has been turned true 
in this manner, when it is brought up to the work (supposed 
rough ground), it, will cut right across its face. In order to 
keep it cutting right across its face as the work rotates and 
travels across the wheel, the travel must he such that one 
revolution of the work brings an entirely new portion of the 
work to the wheel face. The traverse movement must not 
be such as to leave any portion of the woA unground, and in 
order to have a margin the travel per revolution should be 
decidedly less than the width of the wheel, say J of it at most. 
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If tho travel per revolution is small compared to the width 
of the wheel face, as is shown in Fig. 26 at A, the leading edge 
of tho wheel does tho principal work. Tho spiral line is drawn to 



Fig. 26.—^Rates oe Teavekse 


indicate the track of this loading edge, but this track will not be 
marked on the work. Tho work is supposed to be travelling to 
the right (or the wheel to the left), and the left-hand portion 
of the wheel is doing tho cutting, and tho remainder, at most, 
just grazing the work. 

As a result, the left 

• 

side wears ; on the re¬ 
verse travel the right 
side of the wheel face 
Vvoars, with tho result 
that the wheel face 
wears into a curve as 
shown. This curve is 
very shallow; th» amount of curvature could not exceed 
the depth of the out, say ■ns’rroi but a fraction of this 
amount (0'00tl05 inch) will produce conspicuous travel marks 
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such as are shown on a ground bar in Pig. 27, where the 
optical effect is striking. 

Therefore, in order to keep the. wheel as llat as possible, 
the traverse should exceed half the width of tlie wheel, as is 
indicated at B in the hgnro, wliere the s])iral lin(! indicating 
the (unmarked) track of the leading edge shows a traverse 
movement CD of about ,1 of the wheel face. The part CD of 
the wheel is now doing the work, and wearing: on the reverse 
traverse the corre.sponding part BP wears, and the wheel 
tends to keep flat. T'he travel then should ho hotwoon | 
and I of the wlu^el fa.oe. 

Por the linishing travel or two it is best, to travel less, by 
incrcasitig the rate of rotation of the work without altering 
the travel speed ; the wear under the finishing travel is 
infinitesimal, and t,lie effect of any slight rounding is minimised. 

'I'his applies also to uiternal grinding a.nd to flat grinding 
when the curved edge of the wheel is used (see machines in 
Pigs. 121 and 124), but. in the cases in which the flat face of a 
cup or cylinder wheid is used for surface grinding this arrange¬ 
ment is impossible, and the cutting face of the wall of the 
wheel wears to a curve. This curve is so slight, only one to 
two thousandths of an inch in depth, that tho wheel face is 
usually considered to be flat, hut trial shows that it is curved 
to this extent. 

Double Copying Principle. —In a lathe, where tho traverse 
of tho tool per rotation of the work is small, tho truth of the 
work may bo regarded as a direct copy of the truth of the 
lathe bed, but in grinding, whoro large traverses ptr rotation 
of the work are used, there is a dohhle copying principle in¬ 
volved. The truth of the rvays is first copied on to the wheel 
face, and then series of tho wheel face copied on to tho work, 
using the truth of tho ways for the formation of the series, as 
in broad-cutting with single tools. The exactness demanded 
makes it necessary that tlie wheel face truth is derived directly 
from the machine ways. 

Pause, or Tarry. —In Fig. 26 the wheel at B is shown up 
against a shoulder of the work. If, with this large traverse, 
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the reverse took place promptly on the shoulder being reached, 
a certain portion of the work, CCH, and the corresponding 
portion on the other side of the work, would remain untouched 
by the wheel. It is advisable then for there to be a pause or 
tarry at the reverse of the motion of the table. If this pause 
lasted for half a revolution of the work, there would be only 
one (juai ter as much surfiuKi left unground ; this part is 
shown shaded at CKH. 

These unground portions are shown developed in the low(u- 
part of the figure : LM is the work atid NP the! shoulder; 
the shade(l part QRS shows the unground part for no tarry, 
and TU\' for a tarry of half a revolution. IIW is half the 
travel’s!! p(!r nwolution of the work. 

To Iri.ave no portion of the work untouched the tarry should 
continue while the work makes a complete revolution, hut it 
is not advisable that it should last so long, as there being little 
material oiijiosed to the wheel towards the end it then is apt 
to cut a littl(! deeper. 

If the machine is not fitted with a tarry mechanism—most 
are not—it is well to throw the traverse motion out at the 
shoulder now and then to avoid the accumulating ellect of 
the unground jiarts. 

Where there is not a shouhh'r no tarry need ho used ; the 
edge of wh(‘e’ should ho set to run beyond the end of the work 
by about half the width of the wheel, so as to produce the 
saint! effect 

In intiirnal grinding there should bo no tarry, and tho wheel 
should not ’ 5 run so far out of the work, as there is a tendency 
for this to produce ‘ bell m«uthing ’ m the hole, owing to tho 
spring in the spindle and supporting sleeve. 

Srinding Parallel close to Shoulder. —Honietimes it is 
very essential that the diameter of the work should ho miifotm 
right up to a shoulder, and free from thaslight effect of rounding 
of the wheel face. This can be secured by throwing out the 
cross-feed at the other end of the work and feeding at the 
shoulder end only. This throws the wear on tho other (left 
hand, as showu)*edge of the wheel as at X, and keeps the side 
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t.owardf! tlif shoulder Hal. 'I'he f(>('d may be heavier Hian is 
normal at the shoulder taid, and little or nothing at the other. 

Vibration. —Resides the gen(>ral (ruth of the work jiroduced, 
tiii'i'e is a (.ruth of surface which is necessary—that is, the 
surface of (h(' ground work must he free' from hleinishes, 
particularly from si'ries of regular marks known as chatter. 
These are due (o vibration of the parts of (he machine and of 
(he work. Thi^ actual luoih'S of preventing these defects are 
de.scrihed later, hut as vibration is a phenomenon much moro 
frispient. and of greater im])ortance in grinding machines than 
in other machine tools, its nature is here of particular interest. 

The charact,eristic, of a vibratory motion is (hat it repeats 
itself after a certain interval of time (known as the period), 
and the motion may he either the same in alt jiartic.ulars, or 
its magnitmh! (termed the amplitude) may gradually increase 
or diminish. The period or tinn^ t.aki'u to go comid<'t.ely 
through the motion once may he many years, as in the pre¬ 
cession of the earth, t.he s('Cond or two of the swing of a. clock’s 
])enduhnn, or (he inconceivably small time of a such a. \ ihration 
.as constitutes light. In grinding, th(! important period is 
tiuit of the ro(.ation of t.he wheel, varying from V,, to of 
a. second : in this small time there must take place all the 
changes of force and resulting small movements, due to any 
want of halania^ in tlii^ wheel. The movements must i,-c small, 
hut the forces involv<‘d may h(! large, and that they almost 
certainly will he large when any conspicuous vihrat.ion ta.ko.s 
plac(' can he ascertained by calculating the values of the 

/ })t wA ‘ 

centrifugal forces (^dTr^a^r ^ or ^ ^ for a. few cases. 

Free Vibrations.—If we support a weight by a spring, and, 
after it has found its position of rest, give it a vertical blow, 
it will oscillate up and down through a greatru or less space 
(the amplitude), according to the strength of the spring and 
the amount of the blow. When the weight is at its farthest 
dWtance, either up or dowui, from its* ])osition of rest, the 
spring is extended or coitipressi'd (from the configuration of 
rest), and has stored in it a certain amount of woik or energy. 
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find just for tho instant tiio wi'ight is at rcdative rest and has 
no kiiKitid cni'i-gy. As tluf weif'lit approaches its contra! 
position it ffiiins velocity and kinetic ('iierey, whili^ the spring 
is less extended or less compressed, and the energy ston'd in 
it hecoines less, until fit the central position it bf'Coines zero. 
Its energy has now boon transferred to tlii' weight as kinetic 
('iK'rgy, if the strength of the sjiriiig is slight enough in 
coin|>iirison to the weight, the motion will talo' place slowly 
enough to he easily ohsei'vi'd, as I he ))eriod may he made 
SOUK' Sf'conds, If the spring wi're stiff and the weight small, 
the rate of vihiiition would he rapid. Such an interchange 
of the form of the I'liergy is typical of vibratory motions such 
as w(' hiive to consider. The amplitude depends on thn amount 
of ('IK rgy inv(dv('d, hut the period in which the whoh' motion 
hikes )dace does not depi'ud on tlu' iimplitude (unless it in- 
creasi'S lo a largi' amount), or on tluf blow originally givi'ii to the 
W('ight, .After a time, chielly owing to the resistance of th(( air, 
th(' extent of the vibration will b(( found to have lesseni'd, and 
liiiiiily the weighli will comi' to ri'st. Such (himping ri'sistances 
an' ])ro))ortionate to the velocity of the weight iit iiny tinu'. 

The force with which the spring acts in ficcelerating or 
rehirding Ihe motion of the weight is (by Hooke's law) propor¬ 
tional to the 'listance the weight has moved from its ifosition of 
lest. 

If till' weight consisted of a heavy central part of a steel bar, 
and the springs of slender ends to thi' bar, llii' same kind of 
vibration would take place if the bar wen' |)laced between the 
ci'ntres (ff ^ grinding machini' and struck a blow. The anipli- 
tude of the vibration woukl now be small, and thi' period prob¬ 
ably too small for the moti.m to be satisfactorily observed ; 
tl^ elastic restoringforcev.ould, however, be again proportional 
v.o the disphicemi'iit of the heavy part from its position of rest, 
and the period would not depend upon the amount of the blow. 
The movement would be damped ouinjuickly. 

Similar vibrations take place in uniform bars and in masses 
of mi'tiil, which vitirate elastically and change shape (n'ery 
slightly) during the vibration. The restoring forces, which 
depend on this distortion of shape, cannot be expressed so simply 

u2 
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as they can in (lie examples above taken, and in considering 
the character of a vibratory motion wo shall treat of such 
examples 'for the sake of simplicity. 

Vibrations of a weight or a bar struck and left to itself are 
termed ‘ free ’ vibrations, in contrast to other vibrations, which 
may be caused by alternating forces continually acting on the 
parts, and which are termed ‘ forced ’ vibrations. In order to 
‘ force ’ a body to oscillate, the disturbing forces must them¬ 
selves be regularly rejieated and periodic ; they may, however, 
he gradually applied or abrupt. Considering the bar jireviously 
mentioned, if it were sel' to rotate, and a wheel somewhat out of 
truth were brought up to grind it, such disturbances would bo 
caused. In reckoning these the average cut can bo taken as a 
uniform smooth effect, while the forces above and below the 
average would be an alternating disturbing force, it would be 
periodic, the period being that of a revolution of tlu^ wheel, but 
would vary irregularly, and not according to a simple rule, like 
the spring in our previous case did. 

However such a periodic disturbing force or disturbance 
varies, smoothly or abrujitly, it can be built up (as was proved 
by Eourier) by the addition or superposition of a number of 
constituent disturbances, each varying with the time accord¬ 
ing to a simple sine or cosin(! law—that is, in the manner in 
which the position of tlui vibrating weight abovo-menGoned 
would change in the absence of resistance. The period of 
each of these constituent s is a simple! fraction—the half, third, 
fifth, &c.—of the period of the total disturbing force, here 
the period of the rotation of the wheel. Thus each.Vonstituent 
can bo expressed in the form P„ css nU, where i is the time 
reckoned from when a jiarticular point of the wheel touches 
2?r 

the work, j is the period of revolution of the wheel, P„‘ is 

ft 

the greatest value of this constituent disturbing force corre¬ 
sponding to the number A, and n is successively 1, 2, 3, 4, &c. 
Reckoning the time t in seconds (that is, in fractions of a 
second), if the wheel be making 1400 r.*p.m. (suitable for a 
14-inch wheel), the wheel jieriod would be second, and fc 
would be 146'5. The value of P„ cannot well be found in 
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this particular caSd, but from our point of view that is not a 
matter of importance. Those constituents are usually termed 
harmonics, from their importance in sound vibrations. 

The effect of such a disturbance on a part which can vibrate, 
is best considered by writing down the fact that the acceleration 
is produced by the forces acting on the body, as an equation. 
This talies the form— 

m + a +hx=t E„ cos nld . . (1) 

dr dl 

whore x is th(^ amount the part w(! are considering has moved 
from its undisturbed position in the time f. The first term 
expresses the acceleration forces, the second thi; damping 
resistances to the motion; the third tt'rin is the force which 
tends to restore tlui body to its undisturbed ])osition, and the 
right side of the ('(juation n'presents tlu! disturbing forces, 
the .syinl)ol S being prefixed to indicate that we must add 
all the simiiie constituents togidhi'i—or take as many of them 
as matter for our purpose. The second term is the velocity 
multiplied by the damping constant o, and the third the 
movi'nu lit X multiplied by the force which, acting alone on 
the body, would move it through unit distance (usually 1 inch), 
or, if tlie body would only move a small distance, a hundred 
times the force required to move it one hundredth of the unit 
(i'„ inch). 

The advantage of expressing the relation of the acceleration 
and forces algebraically lies in the fact that if the equation 
be sol\cd, we then know just what the resulting motion is, 
and can ascertain what happens, and can trace the causes of 
the results. Without sych aid vibration effects are difficult 
to consider accurately. The result of solvmg the equation 
gives us— 

. . ( A / J I ^ I 

X = A( 2"‘ sm I \/ -,,•!+“) + 

' m 4nr / 

V _. cos («/c<-tan-i (?) 

+ ahiV ^ h- nm%-' 

The movement therefore consists of two poiTions, which are 
added together to give the value of x at any time; each of 



102 


(IIIINDING MACHINEllY 


these portions is a vibratory motion, as each involves a sine 
or cosine of ( lie time, and therefore repeats itself at intervals. 

The Damping out of Free Vibrations, The first term 
- ( /h \ 

A6“2»‘ sinl A/ -f + “ ) it* iin oscillating motion winch 

\ m 4vr / 

has an amplitude Ae"»,„; this is not constant, l)ut gradually 

diminishes, for as t gets larger e~ii" gets smaller,unless a is 
exactly e([ual to zero, when it remains e(|nal to unity. As 
there is always some damping resistance, u cannot he zero, 
so that after a time the vibration reju'esented by this first 
term dies out, however large A may be. This is the chief 
effect of the (lami)ing ; it damps out the vibration represented 
by the first term of the solution of the ec|uation. It also 
slows the rate of vibration somewhat, and makes the vibration 
lag behind the force. Hearing this in inind, we will first 
consider n to be ttsy small, and omit it, and tin; solution thtai 
takes the simpler form— 

A<1.4.)I . (8) 

Suppose tluil tlu' (listuvl)iu}i( P did not lici, then ths 

solution would ivprt'sont ibo iiiotion without thf*ui that is 
to say, tho ‘ free ’ vilmition. Hciict* tin- five vibration has an 

amplitude A, and will repenl. itstdf when A | -a has increased 

by four right angles, or after a time T, — ‘2 tt 's/ . This is the 

period of the free vibration, and depends only on and b — 
in our first example—the weight (?»), iind the stvi'ngth of tihe 
spring (/)). The factor A depends on the amount of the blow 
which started the motion, and a on just when the blow' w^s 
struck. 

Our damping factor €»■ 2 m tells us that the free vibration 
dies out, how'ever large A is—that is, however large the original 
tree yiotion may bo, and a trial shows us that with the parts 
of a machine these vibrations die out very rapidly. After 
this free vibration has died out w'e are left with only the second 
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term on the right in e(juation (3), whicli represents tlie effect 
of the periodic disturbance—in the case we have mentioned, 
an \iiitrue grinding wheel. 

Forced Vibrations. —In cousich^riiig the effect of any con- 
slitui'iit P„ of the disturbing force, it is to be first noticed 

Stt 

that tile period of the vibration which it enforces is —— 

11 k 

that is. its own period, and not the natural period of free vibra¬ 
tion of the ])art affected. Secondly, the ainplitiide (or magni¬ 
tude) of (he forced \ibration due to the various constituents P„ 
are not directly proportional to the values of P*, but to those 

values divided by -nV. Hence, although in practical 


cases tlie values of P„ gel smaller, as ii is made successively 
1, ‘2, 3, 1. Ac., their elfec(- in enforcing vibration will not neces- 

sarilv do so, and will not do so if J \/ is iK'arly a whole 
■ k m 

number ; for in that case some value of — -n'^k'^ will be small, 

m 

and the resulting amplitude large. Now and are 

t) flli 

the periods of the free vibration of the part, and of the coii- 
.-^titueiit P„ of the disturbing force, and if they are nearly 
eipial the forced vibration produced will be large. 

There are then two causes of considerabh' vibration, a 
very large nmiodic distairbing force, and a lU'ar approximation 
of the ]''.'riod of a. constituent of a periodic disturbing force to 
that of a ifee vibratiion of a jiart. 'L'he first is easily d(‘tected 
and rt'inoved, but the latter is more difficult to deal with. 

, It might be thought that if perchance n^k’‘ — that the 


vibration caused would at once be exceedingly great, but this is 
not the case. Prom the eiiuation point of view the solution 
fails, and has to be taken to a closer value, with the result that 


the expression for the forced vibration becomes- 

* p) 

x=- <. sin 

2nkm 
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Agam the period is the same, but the amplitude t starts 

by being very small, and increases gradually but continuously 
as t increases. I'he chatter and vibration caused eventually 
becomes so great that the cause has to be remedied before work 
can be proceeded with. 

With sound vibrations the effect is known as ‘ resonance,’ 
and this term is now applied to such phenoimma generally, 
whether of sound, electricity, or mechanics. 

The importance of these constituents of quicker period than 
that of the actual total disturbance is now clear. These quicker 
periods are the .J, J, Ac., of the total period, and practically 
these are more likely to coincide nearly with a free period than 
is the full period of tlu; disturbance. The free period may be 
either one of the machine or of the work : if the work be stiff 
it will be a period of the machine, if thin it may be eitlier. 

When vibration and chatter occur, the source of vibration— 
a flapping ladt or untrue wheel—should first be ascertained, and 
the cause removed. This is equivalent to making the term P 
zero in the equation. Then some period in the machine or 
work should be altered, so as to change this nearness of the 
period of the forced and free vibrations. As the period of the 
effective constituent of the disturbance is frequently J or J 
of the full period, only a moderate alteration is necessary or 
desirable. 

Supposing that the chatter marks on a bar are due to vibra¬ 
tion enforced liy irregularities in the wheel, their pitch indicates 
which of the constituents is the effective one. For, supposing 
that the work surface speed be 40 feet per minute, and that the 
wheel speed is 1400 r.p.m., the wheel period is min. (ifg 
sec.), and if the chatter marks were duo to the first term they 
would be spaced by the distance which the work surface would 
40 X 12 

move through in that time, or inch, or about f inch. If 

they wore due to the second term containing cos 2 kl, they would 
be spaced half this distance apart; if to the third term, one- 
tliM of the amount, &c. 

Transverse vibrations of the work itself aVe checked by 
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steadies; except on slender work the period is very rapid, and is 

given, in seconds, by the expression —where I is the length 

and d the diameter in inches of a steel bar supported by the 
centres only. As an example, the period of a bar 4 feet long by 

1 inch diameter placed between the centres is—- ^ (= 0-029) 

80000 '■ ' 

of a second, or rather over 2000 vibrations p(^r minute. A mass, 
such as a piston, at one end of a bar, will reduce the rate of 
vibrations to about oik' half. 

Humming up, then, we see that to produce continuous vibra¬ 
tion there must bo some cause of a periodic nature, which 
enforces this vibrations by reason of a relation of its period 
with that of some natural period in the machine or work. 
When th(! action starts, free and forced vibrations of nearly 
equal period an* ])roduc(id ; the free die out, but as they do so 
the movement then arranges itself, so that the accelerations 
and forces satisfy equation (1), and the forced vibration assumes 
a permanent condition. When such happens the periodic effect 
is to be icmoved if possible, and also some periods altered to 
prevent recurrence of the action. 

Balancing.— One of the chief causes of vibration is want 
(if balance in the wheel, its spindle, or other parts of the grinder, 
including even the counter,shafting, and the problem of 
balancing is further of interest in much of the high-speed 
machinery the parts of which are produced by grinding. 

A machine is said to be ‘ balanced ’ when its parts are so 
made am' Arranged that it is free from the dynamic effects 
of the movements of its parts, but the term is applied in two 
ways. In machinery, such as steam engines, containing 
psjrts moving in straight lines or oscillating through angles, 
many of the undesirable dynamic effects may be eliminated 
by a careful arrangement and proportioning of the parts in the 
original design. In this procedure Mie materials are supposed 
uniform and the construction perfect; the ‘ balancing ’ is 
here done before th8 machine is made. When simpler spindles 
are run at ve"y high speeds, however, the effects are so great 
that even defects of density in the materials are of importance, 
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and a spindle may be out of balance although in design it is 
symmetrical about its axis. This is the case which is of 
interest in grinding, and by ‘ balancing ’ is then meant the 
addition of small w’eights (or tlie maliiug of other adjustments) 
so that the spindle will run without vibration. 

Suppose that a spindle is itself perfect in every way, but 
that when a thin wheel is mounted thereon it runs out of 
balance. 'L’he (uror must lie due to one ])ii.rt of the wheel 
being heavier than another, and as an illustration suppose 
that fihe wheel contaiiK'd a part having extra, mass m situate 
at a. radius r; the ‘ centrifugal ’ force at a. sjieed of n revolutions 
would be iT^nhm, which would be balanced Ity that of a 
mass m, |)laced at a radius r, at all sp(>(Mls, pro^'ided only that 
m, wei'e selecited so that m^r, — nir. It does not matter what 
the value of r, is, so that the balancing may be dom* by replacing 
a little of the wlus'l material near the holi' by some lead. This 
is the method adoj)ted by manufacturers who balance thos(! 
of their wheels which happen to have s\ich error. In course 
of wear the irregular part of the wheel imiy lie used up, so that 
it is again out of balanci' and re(|niri‘S c.orrection in the same 
manner. Pb'nty of mass in the wlnsd heads of grinders is 
veiy desirable, as it i’(‘duces the effects of small unavoidable 
errors of wdieel balance. , 

The simplest method of testing for such want of balance 
and of correcting it is to mount the wheel on a j)ara.llel spindle 
known to be in balance, and tiO j)lace it to ia)ll on ])ara,llel ways. 
If it rolls so that one ))art of the wheel always f.ends to rest 
at the bottom, that ]>art is the h(*a.viev,a.nd corre(!^ion is made 
by adding W('ight to tli(‘ othei- sid(! until the sp^ndhi comes 
to rest indifferently in any position. The wheel is then in 
‘ stati<! ’ balance, and when mounted on a true spindle, will run 
steadily. As the forces due to high-speed rotation are grea*ter 
than those due to gravity in the ratio A'lr^nh to p (where n = 
revs, per see., r — radius at which mass is in feet, and y = 
82’'2, so that the ratio for a mass at a radius of 2 inches 
running at lOOO r.p.m. is 57), static bal%ncing must be very 
carefully done to be dynamically efficient, and hence wheels 
arc often balanced dynamically. * 



THE WOKE AND THE MACHINE 


107 


If, however, the part which is out of balance is not thm 
like a disc wheel, static balance may fail dynamically in another 
manner, and it may even make the vibration W'orse. I’his is 
illustrated in Fig. 2H, where a perfect spindle ABCD is 
supposed to be supported in a horizontal position in hearings 
at A and 1). Suppose that a mass m be fastened to the spindle 
at C : till' spindle will tend to turn round and set itself with C 
as low as possible. It could l)e balanced statically by placing 
a. mass e(jual to m anywhere along the line at the bottom. 



opposite either to Jl, to (b or to any other point in BC. If 

the s])indle with the nuiss m at ('• where the radius is r were 

* 

rotated at u revolutions lU'T s<‘Cond, a force , indicated 

9 

by the broken line with ai arrow head, w'ould be exerted 
by the fastening to prevent m Hying off; this force would 
be transmitted by the shaft and produce reactions P and Q 
at the bearings A and I) respi'ctively—P and Q bearing the 
inverse ratios of the distances of C from these forces. Now if 
the spindle wore balanced statically by a mass m placed opposite 
to B, on rotation, the forces produced at the bearings, although 
(as the ftgure is'drawn) opposed to P and Q, will not be equal 
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to them in magnitude owing to the different distances of 
0 and B from th(! lines of P and Q ; thus the spindle will not 
he in balance nor run steadily. It will only he in balance if 
the position sehicted for the balancing mass bo exactly opposite 
to C, and in an actual spindle the position of this mass variation 
(here m at (1), which renders the spindle out of balance, is 
unknown. 

Now suppose that in addition to the mass m at 0 the spindle 
carried a mass M at E on a plane AET) different from ACl). In 
rotation there will be additional forces, indicated by X and Y, 
at the bearings. Combined with P and Q tbes(‘ give 8 and T 
as the resultant reactions, the planes APSX and DQTY being 
perpendicular to the axis AD ; so that 8 and T will bo the 
rotating r(;acti()ns at the bearings. It will be noticed that 
these forces have a lead and lag on thii ])ositions of the masses 
m and M. No single mass placed anywla're on the spindle 
can balance these non-paralhd forces, and two masses must bo 
us(sl. Although an actual s|)indlc will not be out of balance 
in so simple a manner as this, the same conclusions are true; 
two masses are necessary which may be placed at predetermined 
distances along the length of the spindle, but their angular 
position must be correct. 

I'lai problem of actually ascertaining this correct position 
and the amount of the balancing masses is no easy one. In 
cases of built-up massi's intianh'd to rotate at a high speed, 
such as the lotors of steam turbines and dynamos, want of 
dynamic balance is to be expected. Flanges arc frequently 
provided for the reception of the necessary nias*ies, but both 
the amount and the angular position of these ma.-.ses must be 
(hitermined from experiments on the shaft rot.ating in its 
bearings. These are suspended or mounted so as to be capable 
of horizontal side movement, controlled (usually) by springs, 
and observations are taken on the amount of movement of 
the bearings and the corresponding angular position of the 
shaft, from which the position for the correcting masses can 
bo deduced. • 

As the shaft rotates, the want of balance sets up vibrations, 
which may be of two types, corresponding to tile side movement 
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of the shaft as a whole (and will not exist if the shaft be in 
accurate static balance) and to its angular movement. At 
two corresponding critical speeds there will h(! greatly increased 
vibration, owing to the ])eriod of natural vibration of the 
shaft as it runs, approximating to the period of the force 
causing vibration—that is to the period of revolution. In 
exi)erimenting, th(! observalrions are naturally taken at one 
of th('se criticiil speeds, as th(^ phenomena are then the most 
conspicuous. To ascertain the angular positions at which 
the competing ma,ss(‘S should be applied, a scriber is adjusted 
just to (iouch the shaft (usually at or near a bearing), leaving 
a short mark on surfaco previously coated with raddle. The 
shaft is then I'otated in the opposite direction at the same 
speed, and aiiol,her mark scribed. These marks will b(^ found 
to be at dilTerent portions of the circumference, and the angidar 
posilJon at which lihe correction is to be made is taken to be 
half-way between tluun. 

Tlu! preceding section indicates that considerable errors may 
easily arise here, as the angle between the scribed mark and 
the position of the correction i.o be made, varies rapi(dy with 
changes of velocity near the critical value. In equation (2), page 
101, the angle between the displacement x and the alternating 

force is found to be tan-\ If owere zero, no angular 

h — mirir 

dilTerence of position of the scribed marks would occur; this 
dami)ing ooellicient—due to friction at the bi'ariugs and air 
resistance—always exists, so that the numerator of the fraction 
alw'ays has •some (small) value, and hence there is always 
angular lag* The denomjpator depends \ipon the difference 
of the squares of the periods in question, and this is very 
sit^ll in the neighbourhood of the critical speeds, so that at 

them, although the damping is small, the angle tan"*^— 

ap))roaches a right angle, and a littlq difference in the rate of 
revolution in tlu; two directions will make much difference 
to the position midway between the two marks. ^ 
These various difficulties lead to a method of trial and error 
in the balancing of high speed rotating parts, the shaft being 
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tried and balanced, and then tried again until a sufficiently 
accurate running balance is attained. 

The Universal Grinder—Description. —IVoin the lathe fitted 
with a grinding lu'ad on thi' slide rest to modern manufacturing 
grindei's has been a long development, first resulting in grinding 
machines, termed UnivcTsal, and capable* of dealing with very 
varied work, for the tool room, and lat(‘r in machines for more 
specialised purjioses. As the Gniversa! Machine was developed 
ilrsl,, and presents many typical features, it will be well to con¬ 
sider it. first., taking as illustrati\'e of modern ju'actice Messrs. 
Drown & Sharpe’s machiiK', No. 1 size, which is illustrated in 
Digs. 20 and 00. This machine is capahh* of grinding external 
work. ])arallel and of any angle of ta])er, internal work. Hat 
work held on a, face-plate or in a ehuek, and of sharpening 
certain classes of cutters. In Fig. 00 oiitlim'S of the machine 
and counl.ershafting are given, showing the arrangemenl.s for 
drix'ing the various ])arts. 

The development, it is seim, has produced a machine with 
practically no resemblance to a lathe, carrying a grinding 
head; this is accounted for by th(' very different forces involved, 
and the special m'cd in grinding for accuracy, freedom from 
vibration, <lust protect ion, for dealing with a large water supply, 
and general convenience. 

The illustrations show the machine arranged for e.xternal 
grinding. The work is carried Ijetween the cent res A, A'of the 
workhead B and the tailstock ('. and is rotated by means of the 
dead centre pulley E, which is driven hy the hc-lt u'. Tim tail- 
stock C carries the diamond tool by means of ttte clamp D, 
which holds it firndy while the wheel is being trued. 

The tailstock barrel is held up to the work by a spring 
having an adjustable tension, and can l)e witlidrawn from flic 
work, to free it. for removal, by tlie lever C'. For Gk* purposes of 
face-plate and chuck work, when the pulley F is used for <lriving, 
the. headstock spindle is* rotated in bearings (.see Fig. 117, 
page 279) but for work between centres the spindle is locked by 
thejdunger (I, and thei)ulley I'l revolves iifon the fixod spindle. 
The accuracy of the roundness of the work thus depends upon 
that of the centres themselves only. These can easily be ground 




Fju. 29.—Brows & Sharpe No. 1 Usiversai. Grihder 
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up true by swivolling tlio workhnad B over on its t)aso B' to the 
correct angle, as indicated by the graduations, putting the centre 
in the centre hole of the spindle, and driving the latter by the 
pulley F. The headstock BB' and tailstock (! an' carried on a 
tii.bl(' IT, which swivels about a vertical stud at its centre, upon 
the niiiin slide J, tlu! angular adjustment being controlled by 
the knob K. Two plates K'. K", hold the table to the main 
slide, and the plat(' K' carries a divided plate giving the amount 
of th(‘ angular adjustment. Tlu' main slide .1 slides on the body 
L, L', which, for convenience, is made in two parts, the uj)per L 
containing the feed mcichanism, whik' the lower L' is fitted as a 
tool cui)board. 'I'he work is thus carried, as it rotates, to and 
fro in front of tlio wheel, which is stationary. 

Travelling Wheel and Travelling Work.— In the lathe it 
is the tool, and the grinding wh(«'l where that is substituted 
for the Irool, which is traversed over the work. Geometrically 
it does not matter which is traversed relatively to the other, 
and grinding machines are manufactured on both systems; 
oiu' in which t,he wheel traverses is illustrated in Fig. 110, 
which is a view of the No. 8 Universal Grinder of the Landis 
Tool tio. The parts are lettered to correspond with those of 
the machine now being described, and some further reference 
to th('m will be found on page 270. 

I’ractiically each system has its advocates, both among 
manufact urers and among users, and which is the bettc'r is an 
undecided point, or perhaps a matter of personal preference. My 
prel('renc(! is for the moving work type for all but very large 
work: partly because 1 consider it bolter to have position 
of the cut stationary, so that one can watch it if need bo without 
oneself moving, and because I prefer to have tho cross-feed 
handwht'fcl and gear in one fixod position; partly because 
I think that the accuracy of response of the wheel to the move¬ 
ment of tho cross-feed hand wheel and ratchet is more accurate 
if it is not subject to the* stresses involved in tho reversal of 
movement; partly because vibration arises more frequently 
from, tho wheel than from the work, and* that therefore the 
less freedom it has the better; and partly because, according 
to my calculations, wear, provided the desi^ is correct. 
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produce's loss inaccuracy in the work. On very laroo luachinos 
tile travelling work type, however, is more expensive to con¬ 
struct, and it also occupies much more shop I'ooin. As 
representing the other point of view, the arguments are, first, 
that the work is supported directly on the liody of the machine, 
as the work talde, even when swivelled, has no overhang, 
and is practically solid with it, and secondly, that there is 
considerahle saving of lloor space. Also occasional very long 
w'ork can he ground, supported hy external temporary fittings. 
Sfi'enuous advocates of the syst.iun further claim that the 
weight of the moving paid.s being fixed, the reversals are 
more accurate (for reversing, see page llti), and also it does 
not overstrain the reversing mechanism, as the slido carries a 
constant load; that the design ‘ favours a heavy main and 
cross slides to reduce vibration of the wheel head ’; and 
thnf. unequal wear on the main slide is avoided. 

Taper Work by Swivelling Work Table.- -The headstock 
RB' and failstock C are adjustable along tlu! t.ahle H to suit 
work of various lengths, and are guided by tongues in a T 
slot, so t.ha,t th(! axes of the centre, points lie on one line. Eor 
taper work the table H is swivelled on the main slid(!.J, and 
this setting of the axis of the work at an angle to the line of 
tra.vel produces the taper of the woi'k, whether the work or 
the whecd has the traversing motion. This is shown in plan 
in h’ig. 31, where the wdieel is supposed stationary, and the 
w'ork to he moved parallel to the line of the main slide—the 
lowest line on the figure. This shows how the taper is pro¬ 
duced, an : <*3 t,he motion is a relative one between the work 
and the wheel, it is clear that this applies to either of the two 
cases—the work or the wheel actually travelling. This device 
of swivelling the table keeps the centres in line with one another, 
which is necessary to avoid troublo in attaining the accuracy 
desirable. 

If the machine were reipiired for parallel (i.e. straight) 
work only, still it would be necessary to have a fine adjustment 
for parallelism; for on moving the headstock or tailsteck, 
microscopic p ivticles of grit might lodge on the aligning surface, 
and thus disturb the position on clamping. Any error would 
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be doubled on Ibo diameter of the work, and hence the necessity 
for a fine adjustment to correct for this. On large machines, 



designed for parallel work only, this adjustment is made (as is 
usual in lathes) by fitting the tailstock to set over. 

• Eor taper work the wheel has to grind the* work at a point 
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‘ level ’ with its axis, else cn'ors similar to those produced 
by setting a lathe tiool below the centre on taper work are 
produced. 

Whore the machine is designed for quite small work the 
table may be swivelled, if provided with a suitable line adjust¬ 
ment to the movement, to 45°, and so all degrees of taper 
ground. On larger machines this would involve much over¬ 
hang and liability to vibration, so that the more abrupt tapers 
are obtained by swivelling the wheel slide, as described later. 

The ways by means of which the body ii carries the main 
slide 3 consist of a veo M and a Hat M', as can bo seen in the 
view in Eig. 315, and also in Figs. 75 and 7(i. While main slide 
ways are often of other types (see Fig. 105), this is a very 
convenient one. There arc no gil)S, and the surfaces are kept 
in contact by the weight of the parts only, with the result 
that the slide runs freely, and is not subjected to the forces 
which are liable to be introduced by the adjustment of a gib. 

Types of Ways—Slide Fitting— k’or precision work the 
ideal method of producing a slide is by the simple intersection 
of two planes; on scraping up those a straight line way is 
produced, accurate to the degree of accuracy of the planes. 
This construction, if suitably arranged for a grinding machine 
main slide, would present difficulties in the lubrication, and 
accordingly the vee and flat is preferable. On small hand- 
operated machines, where the pull of the work belt may lift 
the table and main slide, the latter is best gibbed. Whatever 
be the actual typo of ways, it is upon the perfection of them 
that the tl,aightness (i.e. uniformity of diameter if parallel, 
or straightness of generator if taper) of the work depends. 
In this machine the length of ways on the body and slide are 
nepjly the same, which causes the least trouble from wear in 
the smaller machines; on large machines it is best that the 
body ways should be relatively longer. In the machine shown 
in F’ig. 84 the body ways are very much longer, being nearly 
double the length. 

The table motion is derived from the speed gone N, which 
drives a bevel gear reversing mechanism in the case P, and so 
ultimately the table by means of a pinion and a rack fastened 
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to the main slide. For setting tlie work the table is operated 
by the hand wheel Q, which is connected through gearing 
to the table when tlu^ knob H in its centre is drawn out; 
when this knob R is pushed in the hand wheel (J is free, and the 
automatic feed is comuicted with the table. 'I'lie movement 
of the main slide .1 is reversed by the action of the dogs S, S', 
whose position is easily adjusted—and which contain in them¬ 
selves a line adjustment—operating the reversing lever T, the 
movement of which acts on a ‘ load and lire ’ mechanism, which 
shifts a clutch in the reversing mechanism at P. Tin; action 
of such a mechanism is shown later (see Fig. 5‘2, paged f)!). 


Precision of Reverse. As most work has shoulders uj)on 
it, and it is dcisirable to go close up to them in tin; r(;versing 
when grinding, the jn’ccisiou of the I'everse is important. 
The \ariatiou of thi' jiosition of the main slide at reverse 
is to be divided into two parts, oin* due to the reversing 
mechanism, and the otln-r affected by the monn'iitum of the 
main slide and what it carries. The latter depends on the 
table velocity and on the lubrication of tin' ways. Just aft(‘r 
the clutch ceases to drive, the table is fret; and runs on a dis¬ 


tance X given by the e(|uation |M('“ — fiMt/x. where M is the 
mass of the table and all it carries, v its velocity, /j, the co¬ 
efficient of friction of the ways, and ;/ the acceleration due to 


gravity. 


Hence x — 




and does not depend on tlu; weight 


of the slide or table, or of the work. If v — (!() incln'S per minute 
and fi = 0-035 inch, tlnai x — 0-037 inch, or about ;,’,t inch. In 
actual running at any speed this will oidy varyj as /j, varies, 
owing to the variation in the hibriccution of the ways ; but if the 
speed he altered to 80 im-.hes per minute the lU'w over run would 
be 0-065 inch, or 4 iuch, so that the table would run 0-028 ineV, or 
nearly ia inch farther. It is wise, therefore, if the reverse is 
close to a shoulder, to make it a little earlier (by using the 
line adjustment of the stops) before increasing the speed 
of the traverse. In the illustration it will be seen that 
th<t stops are located by a rack; this pfevents their slipping 
when moving the reversing lever over, whicli happens if the 
stops are held by a frictional lock and the operator forgets 
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to tiphlen it. It, howr'vcr, such a lock is well designed, very 
little tightening will secure it againsi, the risk of slipping. 

Turning now to the wheel head, wo see that tlg.i spindle 
is arrariiged to carry eith('r a wheel II at tlus centre, or one 
overhung at one end of thespindleat C'. In the case of Univi'rsal 
machines the ])osition between the hearings (diables certain 
taper work to h(! done more easily, and it also (very slightly) 
reduc.(‘S the eJTect of the oil film in the bearings. The over¬ 
hung wheel is tar easier l.o chang(;, and in plain machin(‘S for 
external grinding it is pra,(;i.ically ('xclusively used. In this 
machine the S])indle with its bearings complete (see Fig. 84, 
page Tio) can be removed from the machine hy unclaniping 
the caps V. V", and after th(« wheel has hoen changed it can be 
replaced without distortion, as the outer cases of the bearings 
have spherical seats. The wheel head \V which carries these 
be.irings is adjustable on th(' plate X, which swivels on the 
cross slide Y. The lower ways Z of the cros.s slide can in 
tun; swivel on the body of the machim^; this adjustment is 
graduated, and is that used in grinding abrupt tapers on work 
lietween th(! centres. 

Quick Tapers. —In Fig. 32 is shown a plan of the wheel 
head with tin; cross slide thus set o\er grinding a taper of 
4r)° asid(> on work lietween the centres; the movement for 
traversing is in the direction of the cross slide travel as shown 
(parallel to the lace being ground), and is operated by the 
cross-feed mechanism. 

In grinding tapers by this swivel adjustment of the cross- 
ways the IJaversing is done by the n'gular cross-feed motion, 
which is very slow, and tdn; cut is put on by the hand wheel, 
which in rt'gular use traverses the main slide. The angle of 
tlje cross-ways is set as closely as possible by eye, but the exact 
taper is finally got by the use of the sw^ivel adjustment K to 
the work table. 

The wheel head is here shown swivelled on the cross slide, 
so that its axis is parallel to the cross slide ways. This is 
not necessary, but il is desirable, as otherwise all end play jnust 
be taken out jf the spindle. 

When ths taper work (external or mternal) is hold in a 
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chuoli or on a face plate, the upper part II of tlu' work head is 
swivelled, not the cross-ways. In this case the work is t raversed 
by power, as the, main slide is employed and the cut put on hy 



the regular cross-feod. This avoids tho_ inconvenience of 
traversing by use of the fine cross-feed, and the difficulty of 
putting on the cut properly by tapping the main traverse 
hand wheel. 
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Without alteriiif! the setting of the cross slide the parallel 
portion of this j)i('co of work could be ground, using tho main 
traverse of tho machine. In this case tho reduction of diameter 
does not correspond to the graduations of the cross slide, but 
is loss than these by the factor sin a, wlnu'e a is the angle 
(aside) of the taper, which is shown as 45" in tho figure. For 
example, at 30” tho actual feed of the wheel normal to tho 
surface of tho straight portion of the work would ho only half 
that indicated by the gradiiations, and at 14° 30" it would he 
ojjly a (juarter. This is sometinu's tak<'n advantage of in 
grinding gauges where a tiiu! cross-feed is desirable. 

In all setting of the machiiu! for tapers and back again for 
parallel work, the adjustnuait should first ho made on the 
graduations as closidy as possihh' by eye, hut the final l.est has to 
he tho fit to a gauge, or tlii' measunmient of the ends, and to 
make tlu! final adjustment tho knob K is used. As the accuracy 
aimed at is a fraction of a thousandth of an inch, setting by 
eye is not only hardly ])reciso enough, but the result may bo 
\ itiated by the accidental presence of a jiarticle of grit between 
the headsiock or tailstock and tluf aligning ways of the table. 

As the wheel head is used in various angular positions tho 
spindle pulley has flanges. The cross slide is gilrhod, as tho 
tension of the lielt driving tho wheel head is in some positions 
considerable ; accurate response to tho movement of the cross- 
feed disc is very desirable, and it is (sssontial that the lubrica¬ 
tion he, not neglected, and the slide should he moved now and 
then over its whole range. The motion from the cross-feed 
hand whe‘''nis transmitted through a worm and worm wheel, 
through a vortical shaft al(ing the axis of the swivelling adjust¬ 
ment of tho cross-ways, and operates the cross slide by a pinion 
anjl rack. 

The Cross-feed.— Tlio cross-feed is arranged with an auto¬ 
matic feed, which is operated at the reversing of the table, 
through the cross-lever b, which by means of a ratchet and wheel 
turns tho cross-feed shaft. The smallest amount of the cross- 
feed, which corresp'bnds to one tooth of tho ratchet, is^the 
st/ho of an inch movement, representing of an inch on the 
diameter of the work, which is a convenient amount in view of 
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the limits r(‘(]uire(l by th(^ ooiiditions previously coiisi(ler(>(l. An 
aiitomatie throw-out consistiiif? of a shield, which prevents the 
I'atehet from action, is fitted, and its position is easily adjust¬ 
able, lioth for considerable differences of position and for the 
small amounts corresponding to the wear of the wheel. On 
external work, where frhe size of wheel is noi, limited by the size 
of the work as it is in internal grinding, the wear of the wheel is 
in many cases ni'gligihle and, it the cross-feed mechariisin sizes 
correctly, repi'tition work can he ground rapidly to size with 
hardly any time spi'iit on measuring, thoss-feed mechanisms 
are refiu'red to in more detail in a- later chapter. 

Provision for Wet Grinding.— The grinding tluid is circulated 
by means of a centrifugal pump c, having a vertical spindle, 
driven liy the belt r'over the idler pull(‘ys d, (/'; it is delivered 
on to the work at the grinding point by the jiipe c and the nozzle 
/, and fihen is drained away by t.he guards;/ to the channels and 
tray, whence it flows back into the tank Ji, in which the pump is 
placed. The guards 3 —which are shown loose in Fig. 2t>— 
consist of a number of joggled loose parts, wliich are built up on 
the table to suit any particular length of work, in the manner 
shown in Fig. 30. At the n'ar are two removable guards j, j', to 
catch the spray and s])lash. 

Steadies. —When slender work is being ground, although the 
fore.e of the cut is small, it is apt to vibrate, which leads to chatter 
marks; to prevent this, and also to enable such work to be 
ground quickly, it has to be suppenfed by steadies. Two of 
these, k, k', are shown in position in Fig. 30, and on the lioor in 
Fig. 2!t. They are adjustable, so as to HU])port the fvork under¬ 
neath and opposite to the wheel, am( by their use the work can 
be sprung if desirable, as it sometimes is. 

W'hen the machine is used for internal grinding the work'is 
done dry, all the water fittings being removed. The dead centre 
pulley is replaced by the chuck or face plate, and the wheel 
head by the coiuiterhead 'I and internal grinding spindle and 
bracket 711, all of which are shown on the t^Jor in Fig. 29. 

Arrangement of Driving Mechanism.— The machine is 
driven from the source of power by means of the fast and 
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loose pulleys n, ?)', oii the lirst shaft. This drives the grinding 
wheel hy way of the ste]) cones ]), p', and the pidloy q on tho 
second shaft and the belt q', thus providing two speeds for 
th(' wheel s])indle. This second shafi. also drives tln^ pump 
by means of the pulley r and belt r'. 



t'Ki. 33.—lUiowN & Smio'i! No. 1 Ukiveesal (Ieinder, .Abkanuement 
OF THE Drive 


The first shaft drives the work hy means of the step cones 
t, I', and the drum n on the second shaft and beltAn addi¬ 
tional hidt is shown on tho left-hand hanger carrying the drum 
shaft, which is for use with the small size dead centre pulley, 
which is shown on tile machine in Digs. 29 and 30. Tho step 
cones provide four work speeds, hut the number is increased 
by tho provi^on of two dead centre pulleys of different 
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diameters. 'I'ho step cone t is ensaged by moans of a friction 
clutch operated by the shipper bar and slider v'. This shipper 
bar is operated by the handle w, conveniently placed on the 
machine body, through the connecting rod (pipe) w'. After 
taking the friction clutch out of action, the continued move¬ 
ment of the lever w brings a friction brake x into play, and 
stops the rotation of the drum quickly, and pnsvents it having 
a tendency to start rotating while the work is being measured. 
The third (drum) shaft carriiiS at its end a step conewhich 
drives the traversing mechanism of the table through the 
belt !/' and step cone N. 

It will bo noticed that here tin* work is driven by a Ixdt 
which moves along a drum as th(! work traverses ; in the case 
of machines in which the wheel head traverses, it is the belt 
to the wheel head which moves along a drum. Here the change 
of spe(!d for the wheel and the work are both obtained by 
shifting belts on step cones in the countershafthig, but in 
Chapter VI some alternative arrangements are shown, which 
aim at rendering the change of speed easier and more rapidly 
effected. This Universal machine has been steadily developed 
to its present perfection by Messrs. Brown & Sharpe, and is 
intended for tool-room use. It should be compared with the 
Landis Universal Grinder (set^ Wiaptor VIII), wdiich is designed 
for the same purpose. A knowledge of these types forms 
a convenient point from which to survey the trend of develop¬ 
ment of the moih^rn manufacturing grinders. 

Several of the arrangements on this and similar machines 
have been designed and developed to meet th^ particular 
needs of grinding machines, and these we will now proceed to 
examine more minutely, noting the variations produced by 
the modern trend towards the employment of machines f>f 
more limited scope, and towards the external, internal, and 
flat work being done on different machines. 
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DETAILS OP I’AETS 

The Wheel Spindle. —The quality of the work produced by a 
grinding machine largely depends upon the wheel spindle. 
Compared with the work spindle of a lathe, th(! wheel spindle 
runs at an exceedingly high v(docity, hut tho direct forces 
applied to il, aix' comparatively small; compared with other 
fast-running sjnndles (such as steam turbine shafts), tho fit 
in the hearings has to he very close. In tho design the pro¬ 
tection of the hearings against tho entrance of grindhig fluid 
and grit, l,he lubrication, and adjustment must be efficiently 
provided for. and the material and workmanship must bo 
of high quality. 

In I'Mgs. 84, 85, 86, and 87 are shown typical spindles, 
which illustrate modern practice, being the spindles of 
Messrs. Brown & Sharpe’s No. 1 Universal, Messrs. The 
Churchill Machine Co.’s Plain, the Landis Tool Co.’s Tfniversal, 
and Messrs. Pratt & Whitney’s Vertical Surface Grinder. In 
the first three the edge of the wheel is almost always used; 
in the last tho face alone. In all these tho journals are parallel, 
and few makers use conical typo bearings. One is illustrated 
in Pig. 8S, tho spindle of tho Blanchard Surface Grinder. In 
the parallel ttype the side and end adjustments are quite 
independent, and when tho* wheel is used upon its edge, the 
play (side) of the spindle possible is only that due to the thick- 
nes* of the oily film. If the journals are conical, the longitu¬ 
dinal expansion (differential only as it sometimes is) affects 
the side play, and difficulties in obtaining a high finish to the 
work are apt to occur; also the distribution of the oil in 
tho film is adversely affected by the centrifugal effect, which 
tends to force the oil to the large end of the taper, and so eut 
of the bearing. * Constructionally parallel journals present the 
advantage that they can be properly lapped, while the conical 
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type cannot be lapped so efficiently (see pag(! 391). Practice 
differs as to whether the si)indle should be hardened (as it is 
in the spindle of Figs. 34 and 36), or simply of heat-treated 
spindle steel. The former undoubtedly requires more care 
in the manufacture, but the hardened surface is very much 
harder, takes a better finish, and has a longer life, so that I 
consider it decidedly to be preferred. If the spindle is of 
hardening steel, the threaded parts must b(f made true aftcir 
hardening, so that the parts where t.hey occur must not be 
hardened, or must be softened afterwards, as the whole spindle 
must run veny exactly true ; if the journals are case-hardened 
(which I prefer), this difficulty does not arise, but the case- 
hardening must be properly conducted, otherwise surface 
defects may develop. It is often alleged against hardened 
spindles, particularly if of hardening steel, that the material 
tends to distort in course of time; if proper precautions 
(see page 93) are taken, this tendency is exceedingly slight, 
and the number of hardened spindles which are giving entire 
satisfaction m use is an answer to the argument. The journals 
should be lapped after grinding to make them as perfect as 
possible, and to remove tlu^ small marks of the grinding, 
which tend to cut the bearings. Some makers form oil 
grooves in the spindle, but regular practice is opposed to this, 
as are the phenomena displayed by oil in bearings in such 
experiments as those of Mr. Tower. 

Wheel Spindle Bearings.— In the designs of Pigs. 84 and 
35 the bearings (bronze) are taper on the outside, and split 
through at one side; to adjust for wear, the lu* t A at the 
largo end of the bearing is slackened, and then the bearing 
is drawn into its taper seat, and so closed to the spindle, by 
tightening the nut B at the other end. Finally, the adjwst- 
ment is secured by locking with the nut A. The second bearing 
—in which the letters correspond but are marked with a dash— 
is adjusted in the same "manner. In Fig. 35 the split in the 
bronze is dovetail shape, and the adjustment of the bearing 
further secured by tightening the dovetail clamps, LM, L'M', 
by the screws shown at NP, NT'. , 

Wheel spindle bearings should run warm, and the tempera- 
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ture attained is a oohvenient check on the correctness of the 
adjustment. The finer tiie finish desired on ttie work, the 



7 • I 


closer should he the adjustment of the hearings, an<^ the 
warmer they should run. This design of hearings renders ad¬ 
justment very*convenient, and lends itself well to lubrication 


Fio. 34 .—Beown & Shabpe Wheei. Spisdee (Ukivebsal Gbibdeb) 
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internal work, bat ihe particular arrangements of the nuts 
above illustrated cannot well be employed. 
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In tlif! spindio of the Landis Tool Co.’s Universal 
Machine, Eig. Sti, the side adjustment is made hy jemoving the 
screws taking out the liner B, scraping its surface, and then 
replacing and tightening up the screws. This typo of adjust¬ 
ment is used frequently in the smaller machines, and the packing 
liner is often made of wood, or even hard felt, which can ho com¬ 
pressed—in which cases the adjustment is controlled by second¬ 
ary screws acting as a check and lock upon the closing screws, 
can arrangement which can he seen in Eig. 170. In the Pratt & 
Whitney Vertical Surface Grinder the hearings are of white 
metal, and are of the cap type. The same type is employed 
(see Eig. 127) in the Walker Single Stroke Grinder—also a 
vertical spindio cup wlu'el machine. 

In l)oth the Universal Machine spindles, Eigs. 3-1 and 30, the 
bearings are self-aligning, the outer cases C, t” of the bearings 
prowler, I), B' in Eig. 34, having spherical seats, where they are 
held by the caps E, E' to the wheel luaid body E. By releasing 
the caps the spindle, bearings, and cases can be removed for 
changing the central wheel, and on rcqdacenient the bearings 
align themselves, and so do not strain the spindle. When 
removing the spindle and bearings for this purpose, it is very 
essential that no grit be allowed to get into them, and every care 
should bo taken to prevent it—particularly at the bearing at 
which the end thrust is not taken, as it is free to slide along the 
journal when lifted out of position. In the Landis design the 
spherical seats C, U' are formed on the bearings 1), 1)'themselves, 
which are drawn on to the wheel head surfaces by suitably 
arranged bolts E, hi'. . 

In plain grinders the bearings,!), D' are usually drawn 
into tapers formed in bushes C, C' let into tln^ wheel head E, 
as in the Churchill design, Eig. 35, but Messrs. Greenwood & 
Batley employ a self-aligning type, somewhat similar to tLat 
of the Landis Tool Company, but with the bearings pulled 
up to spherical seatings opposite to the contact of wheel and 
work. In Fig. 33 the nuts of the bolts are to be seen. 

peslgn for End Thrusts.--Ideally the 6nd thrust should be 
taken up over a short length only, as at E in Fig. 35, and 
also in Fig. 36, but if it is taken over the whole length of a 
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bearing, as at over D 
in Fig. 34, anil pr.)- 
vided with suitable 
collars, the result has 
always, so far as I 
am aware, been satis¬ 
factory. In tlie Landis 
-design, ]''ig. 3(1, the 
thrust is [taken by 
a stationaiy collar, 
which is provided with 
a line longit.udinal ad¬ 
justment by means of 
a graduated sleeve; by 
this means the wheel 
spindle can receive a 
fini' movomeid, in thi' 
direction of its length, 
for the piirposi' of 
grinding snap gauges 
and such work, using 
the side of the wheel. 
In this case tlie end 
thrust must bo taken 
up so as to leave no 
play, lint in work 
where tlie curved face 
of tho will ■ 1 is used, 
a slight degree of 
end freedom is best 
allowed; it produces 
no effect if the spindle 
is parallel to the main 
ways of the machine. 
. In machines whore 
the flat face of the 
wheel is emplpyed, 
such as cup wheel 



Fia. 37 .—Spindle of Pjutt & Whitney 
Vertical Surface Grinder 
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siirfiice grindei'H, llic jji'ovision for iakinj' the cind thrust, 
is vory im]ioi'taiit, and it sliould bo talioii up as close to 
the wl]('(“l as is possible, so as to minimise the effects of 
temperature! change. This is so ari’anged in the Pi'att 
& Whitney vertical surface grinder spindl(^, I'Tg. 87 ; the 
direct thrust is taken on a ball-bearing thrust washer A, and tho 
end play is taluen out by another ball ami tlirust washer 11 at 
the rear of fhe main lieai'ing ; this is held iq) to ))usition (and 
also therel)y holds the main thrust in iiosition,-when (here is no 
end l.hrust from work on the spindle) by means of a set of springs 
at ('. This eliminates the effect of temperatui'e on the amount 
of end jday and —excejd so far a,s the initial tension in the sjirings 
is concerned -does away with (he need of adjustment tor end 
thrust. Tli(! spindle driving ])ull(‘y D is carried on an indepen¬ 
dent liearing E, as is customary in good jiracticM' in belt-driven 
drilling machim'S, so that the belt pull does not come on the 
S))indl(! and its bearings. The Sjiindle is driven indirectly from 
the pulley through the collar F, and slides through the upper 
Itearing, astlu! head 11. canying thi! lowau hearing K, is adjusted 
vertically to suit <lifforent thicknesses of woi'k, or for feeding. 

’ In Fig. 8S is shown the spindle of anothor surface grinder, 
the lllanchard, in wliich the whole spindle head is carrh'd on tho 
vertical slide, and moves as a unit. The spindle .'\ is carried in 
a taper hearing 11 at its lower end, and by a ball beai'ing (' at its 
up])er; the direct end thrust of the 'wheel is taken on a hall 
thrust bearing at |) as near to the 'wheel as }io.saibl(!; (ho com¬ 
pletion of tho thrust bearing is at tlu! uppci- end of the s])indle 
by the spliorically seated ball thrust w'asher E, rthich is held 
to its scat by the springs F, whioh thus keep the lower ball 
tlirust D tight up. as in the previously described design. 

The main bearing hero is a taper bearing, and is adjugted 
to the spindle by the nut G : the raising of the hronzo bush 
making it Jit the spindle more closely, as the spindle A is held 
endways by tho thrusk at 1). The centrifugal effect here 
carries (.he oil up the bearing, so that it aids the circulation of 
the oil, which follows tho course indicated by the arrows. In 
this case the main jouinal hero has an oil way cut in it. (teneral 
views of these vertical surface grinders are given in Pigs. 12.5,126. 
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Lubrication. —Grinding spindles not only run at a high speed, 
hut the fit of the bearings to the spindle is very close, so that the 



Fig. 38.— Wheel Head oe Blanchard Vertical Screace Grinder 


arrangement of the luhrication is important. In Fig. 34 the 
oil supplied through the hole GG' at the top runs round the 
bearing bushes P, 1)', and is distributed along the length of the 
bearing by the capillary action of pads H, H' in the slot, wliich 
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is here arningod to be at the bottom of the bearing. It is 
prevented from Howiiig out by means of tlie wood strips J, J'_ 

Iti the Churchill spindle, Eig. 35, oil wells are provided, 
into which lubricating rings Q, Q' dip and carry the oil to the 
top of the journal. After lubricating the spindle the oil is 
returned to the reservoir by the passages shown. By means 
of a neat but simple device of arresting the sid('ways motion 
of the ring by a suitably placed point, the rings are caused to 
twist slightly at each end of a sideways traverse. This twisting 
causes them to traverse axially over the width of theoil chamber, 
and so distribute oil o\'er that length of the top of the journal. 
On reaching the (uid, and meeting the ])rojection there, the ring 
is twisted so that it travels back again. In the sect.ional 
views, (lu! spindle K, be.arings 1), ])', b(xw'ing busings (k C', and 
the wheel head E arc! shown, and also the holes R. R' for ascer¬ 
taining that the oil reservoirs are iilled correctly, and the holes 
S, S' for emptying thcuu. '.Che open slot of the bearings is here 
seen at the top. Shallow screw threads, shown at T, U, 'C',!)' 
in the sectional view, prevent the escajce of oil at the ends of 
the bearings. 

In the Landis design, the oil supplied through the hole (1 
at the top runs round the circumferential groove H to the 
longitudinal grooves J, J'at the bottom of tbe spindle K, and 
so is distributed along the journal. 

In thci s])indle design of the Bratt & Whit.ney machine, the 
oil for the main bearing is fed through an ordinaiy lubricator, 
and slowly passes through felt washers L, Pig. 37. into the 
longitudinal groove M. The upper spindle bearinl,' and ]ndley 
bearing are lubricated in a similar mannei-, but fcdl washers 
are not employed. 

In some cases I prefer direct oiling by moans of sight ^ed 
lubricators, an arrangement which is seen on the Landis head, 
Fig. 36, and on Messrs. Greenwood & Batley’s, Fig. 62. The 
oil can then be supplied at any desired rate continuously, and 
it is clean oil, provided the sight-feed lubricator itself is dust- 
prwf; us such lubricators are usualljl intended for other 
purposes, and are subject to the conditions of competitive 
manufacture, such is not always the case. Grinding conditions 
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require such accuracy that the cutting of a wheel is affected by 
the addition of oil to that already in the lubricating system, so 
that the rate of siqiply of oil must bo uniform. If.necessary 
th(^ supply may ho stopjail while finishing a part. 

Although the spindles are a very close tit in the hearings, 
there is some sjiace between the surfaces which the oil occupies ; 
th(' sjiindle when running iloes not set itself e.xactly central, 
but the oil iihn varies in thickness round the circumference of 
the hearing. Varying forces, such as caused by vibratory 
jei'ks of the belt, or due to want of balance in the wheel, make 
the spindle alter its position in the Ix'aring, the thinnest oil 
space (daniging its jiosition. The result is a series of chatter 
marks on the work. 

Till' spindles require good lubrication, as they run at a high 
speed, although the load is low ; and the oil used should be 
light, so that the space between the spindle surface and 
the hearing may he as small as possible. AVlien a perfect 
oil film exists, it is not of uniform thickness all the way 
round, hut the spindle sets itself so that the film is thickest 
on the intake side—that is, before the line where the result¬ 
ant force on the spindle axis cuts the bearing. The pressure 
in the oil lilm also varies, and is a maximum behind this point 
where the resultant force on the spindle axis cuts the bearing, 
and the pressure diminishes from the centre towards the 
edges of the bearing. If a hole is drilled in a bearing to a 
point of high pressure, oil will flow out, and it is impossible to 
lubricate a spindle at such a point unless the oil is supplied 
at a hea'l*exceeding that which corresponds to the pressure. 
T'hus the selection of the points at which oil is fed into bearings 
is very important, and should be made upon the principles 
ijentioned above, foundc 1 on th(i researches of Mr. Tower 
f Proc. I. M. E.,’ 1883, 1885, and 1888), Prof. 0. Keynolds, and 
Mr. Lasche. In these experiments, however, a half bearing only 
was used, and the fit was not close Jike that of a machine tool 
.spindle. The first experiments were on slow speed bearings, 
but those by Mr. liasche (‘ Traction and Transmission,’^ Jan. 
1903) extended to the speeds used in grinding machines. 
The effect is* most enhanced in the high speed bearings of 
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spindles for internal {Grinding, where, if it he attempted to 
feed oil to the bearinj' at a high pressure point, it refuses to go 
near, ainj if the spindle hi! oiled when sl.at.ionary the oil is 
pronijitly pumped out as the siiindle gains speed. 

Protection against Grit. —It will be noticed thali in Fig. 34 
the adjusting nuts are curved in towards the spindli* at. their 
sides ; in Fig. 35 the headstoek has a gioovo formed in it, 
whicli is covered by a projection of the wheol collet, and in Fig. 36 
the wheel collet is deeply recessed, and the hearing projects int.o 
it. so that the bearing is protecti'd from the entrance of gritty 
tluid. In the lattoi' cases. Figs. ii5 and Sti. the end thrust bear¬ 
ing is completely enclosi^d. Similar arrangements are used on 
the sjundles for internal work, shown in k'igs. 42 and 43. 

Position of the Wheel. - The ciint ral position of the wheel 
hetvveen I,hi- biiarings. as in Fig. 34. makes it i)ossible to grind 
some cases of taper woi'k hel.ween the C(!ntres more easily ; 
the elfecti of the oil lihn is also niinimisi'd. as there is no inulti- 
jdication by the leverage of the overhang. The advantages, 
however, arc so slight that it is generally considereil that tho 
convenience of easily changing a wheel at the end of the spindle 
without disturbing tho bearings in any way, outw’eighs them, 
and in plain grinders, at any rate, the position of tho whoel is 
so arranged. 

Spindles for Internal Grinding. • Turning now to the spindles 
for internal grinding, wo find very severe limitations and condi¬ 
tions are imposed on this design by Ihi! nature of the case. To 
jiroduce a desirable circumferential speed at tho wl,1:eel the rate 
of revolution of tho spindle must be very high, and requires 
0350 r.p.m. for a 3-inch wheel and 10,000 r.p.m. for a 1-inch 
wh(!el lo give 5000 foot por minute to tho wheel edge. Usiiallya 
somewhat lower speed is used, hut still it is a very high one. As 
the wheel has to grind a hole, either tho spindle must project 
from its hearings and carf-y the wheel considerably overhung, 
or else the support for tho bearing at tho wheel end must be 
small enough to go down the hole, which‘arrangement allows 
little room for tho bearing and adjustment. In all but the 
smallest sizes such a supporting sleeve carrying a bearing near the 
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wheel is desirable, as llio amount of play at the wheel is then that 
due to the wheel end bearing, and is not intensified by the amount 
of overhang. There seems to be an ‘ impression ’ that the 
sleeve is a stiffer construelion in itself, but this is not the case— 
a solid siiindlo of the sleeve diameter must bo the stiffer, as 
splitting it up into sleeve and spindle would increase the 
uumbei- of degrees of freedom. 'L’he stiffness in any particular 
ease can be calculated. 

Whatever may bo the opinion as to the desirability 
of harde.ned steel for the larger sjiindles, there seem to bo 
few objectors, at. any rate among the users, to its employment 
for these small spindles. Tim bearings a.re almost always of 
phosphor bi'onze. 

Typical designs of intia-nal spindles are shown in Figs. 39, 
4t!, 41, 12, 43, 44. and 45, of wdiich Figs. 39 and 40 are by 
Messrs, (,'hurcbill, Mg. 41 by Messrs. Di'own & Sharpe, and 
Fig. 42 by Jlessrs. Heald, while Figs. 43 , 44, and 45 represent 
two of my designs, given as illustrating special points. 

In Fig, 3fl the siiindlo A is supported close to the wheel 
by a bc,:,ring t', wliich is carried in the sleeve D ; and as it 
wears the bronze bush t'. is closed by pressing it into the taper 
recess of the sleeve by means of t.ho nut K, The other, en- 
hirged, end F of the sleeve 1), is gripped in the supporting 
bracket, and in it is carried tbe support tl for the rear bearings 
H, K, of which there are two, on opposite sides of the driving 
pulley J, Dy removing the support ti from the tube, and the 
cap ]j, the bearings H, Iv. can be adjusted by the nuts M, N 
respectively. The chief force on these small spindles is that 
due to t.hb’ wheel belt, jiarticularly as the tightness of the 
belt is adjustable by the operator of the machine. Carrying 
the pulley between two bearings distributes the effect of the 
t.ension over them, and this construction is used also in the 
spindles of Figs, 29, 40, and 42, There is, however, in this 
construction a little more difficulty in the dust proofing, and 
the added difficulty of making three bearings collinear. h 
way out of this laskt difficulty is to make the pulley spindle 
co-axial with, but separate from, the wheel spindle,* and 
\o connect tlfem with a flexible coupling; a simple form of 
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approximating; to this is illustrated in Messrs. Brown & 
Shari)e’s spindle, Pig. 4t. Here the internal spindh' prop('r B 
has a redueiiig projecting end centred in the pulley spindle C, 
and is driven liy a tongue and groov('. Here tins rear bearings 
—those of the pulley spindh^—are the regular ball journal 
bearings ]), 1)', and the larger is within (ilie driring pulley, 
and thus i.akes Gie pull of the ladt. 

The front bearing Fi is of lihe outside ta))or type, and is 
' adjusted by being pr('SS('d into the female tap(a' of the sleevo 
h’ by the thrust of the collar H, when the slecwo P is screwed 
in—the collar H being prev(!nied fioni moving by the inner 
tube G. This operation first takes out all the end play, and 
then closes the bearing R. The sleeve P is knurled on the 
outside so that it can be turned easily. When this has beim 
ailjusted, tlie sleeve k is unscrewed sulliciiait.ly i:0 tree the 
collar H, and make it, a running fit. This sletu-e P which 
supports the wheel end bearing is carried in the bracket, and is 
damped after adjustment. 

In both designs, Figs. 8!) and 11, the wheel bearing is oiled 
from tilio bracket, the fluid travelling up the inside of the 
sleevo. Where the bearing is so close to the wheel, too much 
oil siiould not be given to the bearing, as a drop getting on 
to the work causes the w'hwd to chedie, and hence delay. In 
the design of these spindl(‘S, there is a bearing close to the 
wheel, and the .spindle is small there, but in Pigs. 40, 42, and 
45 are illustrated spindles in which the wheel is overhung 
from its bearing by the length greater than the depth of the 
hole. , 

h'ig. 40 show’s Messrs. Churchillsj ‘ Adapter ’ si'iindlo, which 
is a heavy hollow spindle A of such dimensions that wheel 
holders B of various lengths and diameters can be Iltted to it, 
and so that the projecting part of the spindle may be suitalily 
stiff for the work being done. The wheel holder B is drawn 
to the taper seat C by _the <iraw-in rod D running through 
the spindle A. The limitations on the bearing construction, 
which are enforced by the allowable size of the sleeve in Pigs. 
38 and 40, here do not apply, and the type of bearing is that 
{ireviously described in comiection with the ‘larger spindles 
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of Figs. 34 and 85, and has the advantages of easy adjust¬ 
ment and independence of the side and end play. It will bo 
noticed that the pulley has a taper lit to the spipflle, and 

is held by a nut. The end thrust is taken on the rear 

adjusting nut of tlio back bearing, and is entirely enclosed 
by the cap. 

The Heald ‘ Style ,4 1 ’ internal grinding spindle is shown 
in Fig. 4‘2. where the spindle A is supported by three bearings 
B, C, and 1), and carries the wheel E, overhung from the nearest 
bearing B, by the reduced part F of the spindle itself. The 
irearings are all of the parallel inside', taper outside, split type. 
The w'heel end bearing B is carried in the sleeve G, and is 
adjusted liy the nut H, the turning of which moves the bearing 
B both into and out of the taper of the sleeve G po.sitively, 

the bearing and nut being connected axially, as the shoulder 

K of the hearing lies in the recess in the nut H, and is held 
there by the retaining niit M. When the bearing B has boon 
correctly adjusted it is locked into the taper of the sleeve G 
by the taper wedge N expanding the slot, on tho screws P, Q 
being tightened, as in the bearings of Fig. 85. The sleeve 
G is screwed firmly into the bracket K, which supports the two 
roar bearings 0, D, one on each side of the driving pulley. 
The lubricating oil is distributed over tho journals by tho wicks 
seen at S, and in the other bearings. 

The spindle of Fig. 40 is fitted with wheel collets, so that 
the collet and wheel may be removed together. In Fig. 89 the 
wheel is carried on the plain part P of a screw,' which fits the 
spindle no~(* by a plain part Q, and so is supported firmly. 
In neither case is the wlipel put on the spindle nose itself; 
this should never ho done, as small wheels cannot be held firmly 
agjinst slipping, and if that occurs when tho wheel is on the 
end of the spindle, the latter is worn away. 

Eeference can be made to Pig. 102, in which can be seen the 
spindle of Messrs. Healds’ cylinder gripder; this is an altogether 
longer spindle, but the construction is similar to that of 
Pig. 42, there being three bearings, one close up to ^the 
wheel, but the driving pulley is (necessarily) overhung at the 
roar. 
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Supporting the Wheel Bearing in the .most rigid manner.—In 

order to call attention to one or two points, a drawing is given 
in Eig. 43 of the wliecd end of tlie larger internal grinding 
spiudlya of my design. 

Hero tlio bearitig A is closed for adjnstineid. Iiy the nut B, 
and slionld the adjustment he carried too far. it is slackened by 
unscrewing the nut B slightly and pressing the hearing out by 
means of the collar C, the end adjustment of the spindle being 
roloasod for the purpose. The oil is carried to the bearing A 




down the independent oil way 1), and is delivered <o the central 
recess E of Gie bearing, and henco.to th(i slot lilfod wii.h a felt 
pad, the location of which, in regard to tho point of the cut, 
is carefully arranged. Tho wheel collet has a conical fit to^the 
spindle, and protects, in conjunction with the nut B, tho bearing 
from the grinding fluid and grit. The nut has a projection 
which is turned up (inste.ad of down as in the design of Fig. 34) 
so as to form a channel guiding the drops of gritty water away 
from the bearing. The inside of the nut B is just clear of the 
spindle, and has a shallow screw thread cut along it, so that 
the rotation of the spindle tends to take out ally oil which gets 
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there, and so prevents the ingress of any grit. The adjust¬ 
ment is locked hy the nut P'. The plan and end view show 
that the sleeve differs from those previously described, in that 
it is considerably eccentric to the spindle ; CJI is the axis of 
the spindle, while .IK is that of the sleeve. 

Before internal grinding was a manufacturing method, it might 
be held that the stitt'esl sleeve which could bo used on a parti¬ 
cular hole and the largest wheel were obtained when the wheel 
was nearly th(‘ size; of the hole, and the sleeve just a Iriile smaller. 
This, however, is 
not a conimercial 
ai'i'angement, as it 
allows for no wear 
of the whed. If 
we arrange for a 
reasonable wear 
of wheel and then 
consider how to 
provide Iheutmost 
rigidity, we are 
led to a sleeve in 
which the sj)indle 
is carried off' the 
centre of the 
sleeve. Su))pose 
I'hat AB(U),centro 
P, P'ig. 41, is the 
smallest li .le for which the spindle is intended ; AEF, centre Q, 
the initial size of the wheel shown just grinding the work; and 
A(ill, centre K, the size of the wheel when worn to its small 
liijiit, also shown just grindiag the work. The adjusting devices 
and sleeve, if concentric with the spindle, must then all fall 
inside the circle AGH; but if the sleeve be not concentric, 
although the adjusting nuts will still have to fall within the 
circle AGH, the sleeve body can extend from A to J, where KJ= 
P(k Then the sleeve,*when the full-sized wheel was in use, would 
just graze the work at C. Giving a little clearance, LJ, we arrive 
at AKLM, the* circle indicated by section lines as the size of 
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the best circular section sleeve. The centre is atS, offset a distance 
BS from the wheel centre. This is larger than the concentric 
sleeve, a,s indicated by the shaded portion outside the smallest 
wheel AGH. Its relative stiffness is very much greater than the 
difference suggests to many, for Iho rigidity depends on the 
moment of inertia of the section, and therefore is approximately 
as the fourth power of the outside diameter. With practical 
dimensions, allowing for the water way, it is about throe times 
as rigid as a concentric sleeve. Advantage is taken of the 
facility offered for forming the water supply way in the metal 
of the sleeve; very little rigidity is sacrificed, as the position 
of the hole causes its sectional area not to have much effect on 
the moment of inertia of the total section. The water way in 
the sleeve is shown at ]/, the water is delivered through it to a 
nozzle, M, I’ig. 4'3, which carries it round along NP and delivers 
it on to the work (not the wheel) at T in Pig. 44, and the direction 
of delivery is such that it runs along the work surface to the 
grinding point. 

Ball Bearings.—Ball bearings have frequently been used 
for grinding machine spindles, but for the larger sizes are not 
desirable, except for thrust bearings and for polishing heads. 
They save power, and need less oiling, but this is of little moment. 
The l)est work, which is the chief consideration, is obtained 
with uniformity from parallel plain bearings. Where, however, 
the rotation is very rapid, as in spindles for small internal 
work, the quality of the work is less affected by the use of 
ball bearings, and they are justifiable. In Pig. 45 is shown 
my de.sign for the bearings of these small spindUs, in which 
certain difficulties arising in earlier types 1 constructed 
are avoided. In careful hands the previous type was 
quite satisfactory, but the design illustrated is proof agairtst 
mal-adjustment. The bearings are of the three-point type, 
and the spindle A is one piece only. Q’he wheel end cup B is 
fixed, the pulley end cup C slides, and is forced to position by 
the spring D. This keeps the balls at this end up against the 
cone,E of the spindle, forcing the spindle to the loft, and so 
keeping the cone P and balls at that end in portion. There 
is no adjustment provided to be tampered with, and should 
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there, and so prevents the ingress of any grit. The adjust¬ 
ment is locked hy the nut P'. The plan and end view show 
that the sleeve differs from those previously described, in that 
it is considerably eccentric to the spindle ; CJI is the axis of 
the spindle, while .IK is that of the sleeve. 

Before internal grinding was a manufacturing method, it might 
be held that the stitt'esl sleeve which could bo used on a parti¬ 
cular hole and the largest wheel were obtained when the wheel 
was nearly th(‘ size; of the hole, and the sleeve just a Iriile smaller. 
This, however, is 
not a conimercial 
ai'i'angement, as it 
allows for no wear 
of the whed. If 
we arrange for a 
reasonable wear 
of wheel and then 
consider how to 
provide Iheutmost 
rigidity, we are 
led to a sleeve in 
which the sj)indle 
is carried off' the 
centre of the 
sleeve. Su))pose 
I'hat AB(U),centro 
P, P'ig. 41, is the 
smallest li .le for which the spindle is intended ; AEF, centre Q, 
the initial size of the wheel shown just grinding the work; and 
A(ill, centre K, the size of the wheel when worn to its small 
liijiit, also shown just grindiag the work. The adjusting devices 
and sleeve, if concentric with the spindle, must then all fall 
inside the circle AGH; but if the sleeve be not concentric, 
although the adjusting nuts will still have to fall within the 
circle AGH, the sleeve body can extend from A to J, where KJ= 
P(k Then the sleeve,*when the full-sized wheel was in use, would 
just graze the work at C. Giving a little clearance, LJ, we arrive 
at AKLM, the* circle indicated by section lines as the size of 
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cono at L and tho cui) at M and N. It is frequently stated 
by writers in ont'irKiering books and periodicals that unless 
tho tangent to the ball at L, here (II)B, meets the axis AB 



in the same point that MN meets it, there will be side-slipping 
of the ball on the cone at the point ]j, though not at M and N ; 
this, however, is not the case—there is no side slipping of the 
ball in throe-point bearings at slow speeds. If OLD and MN 
do not meet the axis at the same point B, all that happens is 
that the ball has spin round the normal LK at L just as it 
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always has at M and' N. In a high speed bearing, however, 
the ball may slip on the cup and cone surfaces at all three 
points L, M, and N, by rotation round an axis perpendicular 
to the j)lane of the paper. The condition for slipping is to 
be found as follows from the couple necessary to change the 
axis of spin of the ball as it runs round. The cuj) is supposed 
fixed and the ball centre K to run round its track with 
angular velocity fl. Let a — angle ABM, r bo the radius 
of the track of ball contie, f2' the angular velocity of the ball 
round BMN, and its moment of inertia. Then, in the 
lower ligiire. if P be the ball centre, draw PS perpendicular 
to the spindle a.xis OB, and PO parallel to MN, to meet it 
in 0. .^fter a short time St let the ball C(*ntre gcit to Q. To 
do this and then to be rotating about OQ, tliat is not to slip, 
it must have angular acceleration a round QP, hence OPQ is a 
triangle of angular moments, and we have— 

^ PQ _ iMt 
OP r cosi'c a 

and*.’. w = fl . n'. .sin a. 

Hence from the upper half of the figure we have— 

/Li Fa = mh-a — Qil' sin a . 

S u F = . sin a . mk^ 

ah 


or 


2F 


r. mk^ 
/i. ah 


sin a . 


where X F is the sum of the three normal forces at the points 
L, M, N ; « the radius of the ball; b the length of the per¬ 
pendicular from K on MN ;’and /i the coefficient of friction. 
If ft exceeds the value given by this equation the balls 
will*slip on the bearing surfaces. Putting the equation in 
revolutions per second and F in pounds weight— 

S F = — • Trhihm 

bfuj 


Wheel Collets.—As line particular giit and grade of wheeLis 
not suitable for all the work which may bo required, the wheel 
may have to be changed frequently. If this is the case several 

L 
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wheel collets should be provided, and the collets with the wheels 
in them changed, and not the wheel only, as is necessary if a 
single collet is used. This saves time and wheel material, as 
with a collet the wheels come up so true when put on the spindle 
that only a light cut with the diamond is necessary. It is 
equally important that small machines, such as cutter grinders, 
should be provided with spare collets, as on these machines the 
wheels are changed very frequently. To ensure a lit free from 
shako the collets for the disc wheels should have a taper lit to 
the spindle, and preferably the central portion of the bearing 
area should be removed, as shown in Pig. 35 at V. With the 
correct amount of taper no key is really necessary, though one 
is lifted in this case. On the larger machines the collet 
should have an inside thread, as shown at W, Pig. 85, so 
that it can be drawn off the sj>indlo by screwing a recessed 
threaded plug down the collet until the inside of the plug 
meets the spindle nose and withdraws the collet from the 
spindle. 

The collets should grip the wheel close to the edge of the 
flanges only, as is shown in Pigs. 9, 35, 36, &.C., and washers 
of some yielding substance, such as blotting paper, put between 
the wheel and collet flanges to distribute the pressure, or the 
collet may bo lined with white metal for the same purpose. 
Wheels are now usually supplied with washers fastened to 
them ready. It has been pointed out that the wheel must be 
an oa.sy fit, so as not to cause any bursting strains in its 
material by forcing it into position. 

In Pig. 36 t he wheel is shown reduced where the collet grips 
it, and the collet flanges are flush (or nearly so) with the sides of 
the wheel. This entails the necessity of using specially shaped 
wheels, which frequently take some time to procure, and so have 
to be ordered well ahead of requirements, but in some cases 
their use is very desirable. In crankshaft w'ork, for example, 
a wheel has to roach a Igng way down to grind a pin, and recess¬ 
ing the wheel so that the collet flanges are below its sideef 
enables a wheel of much smaller diameter to bo used. In such 
collets the collet flange is tightened up to grip the wheel by 
four screws, as shown at LL', more eonveniontly than by 
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the single nut, shown in Fig. 35, securing the collet flange 
there. 

Holding Cup Wheels.—Chucks or collets for cup or ‘cylinder 
wheels are either mounted on a taper, as in Pig. 38, or screwed 
nose of the spindle, as in Pig. 37, or—wh.at minimises the distance 
from the grinding edge to the thrust hearing—attached directly 
to a flat collar formed on the spindle itself. The chuck shown 
in Pig. 37 (the Pratt & Whitney Surface Grinder) is typical. 




In mounting, the wlioel is first placed on the plate N (removed 
from the face plate for the purpose), and secured there by 
shellac molted in position. It is then clamped down by the 
ring P, with leather pads between the metal and the wheel, and 
liiKuly bolted to the face plate Q. The water supply in this case 
is carried through the spindle, which is hollow, and receives the 
supply from the tube, seen in Fig. 125, at the top of the spindle. 
In Pig. 38 the water is supplied also to the.interior of the wheel 
by the passages shown at K and L. The wheel is secured ^by 
cement at M to the plate N, which again is mounted on the face 
plate Q. Owing to the porous nature of the wheels used, the 
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inside of them is waterproofed with beeswax. In Fig. 37, close 
to the edge of the wheel is a metal band, which can be 
tightened on to the wheel by screws in its fastening; this 
should bo set a short distance from the grinding edge of the 
wheel, and acts as a safety device. 

(Chucks are on the market in which the wheel is gripped a 
short distance from its working edge, and adjusted forward 
when worn. They are more complicated tlian a simple mount¬ 
ing, as described above, and, I consider, no more effective—in 
fact, the average overhang from the thrust bearing is much 
more. They have the small advantage of requiring no rear 
wall or projection. One such, illustrated in Fig. 47, is the 
pressed steel chuck of the Besly Grinder. As the wheel B 
wears it is adjusted forward by the (lange E, which is threaded 
on 1), and is then gripped by drawing the sjjlit ring A into 
its taper seat in the chuck liody (’, by means of the screws 
shown. 

If the wheel is more of a cup shape—that is, has more wall at 
the back—the fixing with shellac or other cement can b(^ omitted, 
but in large wheels the value of this extra piece has to be con- 
sid'wed, as it cannot well be used on a Plain or Universal Grinder 
as a disc wheel, as the grade generally necessary in a cup wheel 
is much too soft ior cylindrical work. For very large face 
wheels, such as are used for grinding armour plate.s, v/heels built 
up of segments (either of natural or artificial stone) are used; 
the cost is less and the breaking-up of the wheel face enables 
them to cut better. Such a wheel is shown in ]i’ig. 10; the 
segments are held in position by means of wedges, rnd can be 
adjusted as required. „ * 

Driving the Spindle.—In P’igs. 34, 40, and 45, the driving 
pulley has a taper fit to the spindle, but the parallel fit show in 
Pigs. 85 and 3(1 is more usual. If the fit is a parallel one the 
pulley should be a light drive on the spindle, which should be 
designed to be withdrawn from its bearings without disturbing 
their adjustment. At the high speeds at which small internal 
grinding pulleys run, the centrifugal effect expands the hole 
in the pulley so that it floats on the spindle when ruiming, and 
I consider that a conical fit is here much the ))etter type. 
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Por the usual proportions of diameter between pulley and 
wheel (0'35 to 0'45), the belt speed has not much effect, but when 
the pulley has the same or a larger diameter than thp wheel 
(as in the ease of some internal and cup wheel machines, see 
Pigs. 45 and 37), the centrifugal effect affects the tension. In 
these cases the belt must be initially tight to pull well, but the cen¬ 
trifugal effect lessens th<* pull on the bearings as the .spindle 
acquires speed. 'L'he effect is still further increased in the case 
of internal spindles, where the speed of the belt runs up to 
50(10 feet per minute. At high speed the belt must be wider 
than it need be at low .speeds to give the same driving torque on 
the juilley, and to last well the l)elt must be pliable, as it has to 
run round a small pulley. The practical effect of running a 
belt at 5000 feel per mmute is to add a tension in it of 125 II). 
pel' square inch for the ordinary density of leather : if run at 
•2500 feet per minute the added tension is one (juarter of this. 
The effect then is very consid()rable, and leather belts for 
driving internal spindles should bo at least twice as wide as if 
calculated without allowing lor the centi ifugal effect. 

Link beltings are so heavy in comparison with the working 
tension thiil they are of no use for driving wheel spindles, 
though their flexibility anil being endless suggest their use. 
The centrifugal effect is easily calculated by integiating round 
the pulley, the relation between the tensional stresses p, and pj 

in the slack and tight sides being ee*, where p is the 

density and v the velocity, using feet and seconds as the units. 

Belts fitting on the sides of a vee groove are sometimes 
used for driving internal syndics: they run well, but I have 
no records of how they wear. Steel chains are used by Mr. 
Haijs Eenold for driving son e of the grinding machines (both 
wheel spindles and feeds) in his factory. The wheel spindles 
are driven by ‘ silent ’ chains, as is shown in Pigs. 1H3 and 124, 
which illustrate a rod grinder and a surface grinder respectively. 
The sprocket wheel need not be so large in diameter as a belt 
pulley, so that the chain would not run so fast as a belt. As 
a chain sprocket is really a many-sided polygon, the velocity 
transmitted by I, chain is not quite uniform; the difference 



150 GKINDIN6 MACHINEEY 

from this is, however, so small that no chatter marks are 
produced on the work thereby. 

As a disc wheel wears down its circumferential velocity 
diminishes, and as the behaviour of the wheel and its factor of 
safety depends upon it and not on the diameter, this circum¬ 
ferential velocity should be kept constant by increasing the 
rate of revolution of the spindle. This is usually provided for 
by means of step cones in the countershafting, as shown in 
Pig. 33, where cones with two stops are shown. 

If, however, an idler pulley be arranged on the wheel belt, 
as shown in Fig. !)7, the speeds can be obtained by means of a 
ship cone on the wheel spindle only. The driving pulley in 
the couutershatting is then a flat-faced pulley only, and the 
spindle speed is easily changed by merely changing the belt 
from one step of the spindle cone to the other, and the tension 
idler takes up tli(! belt difference. This arrangement has the 
further advantage that the tension in the slack side of the belt 
is controlled by this tension idler (the tension in the tight side 
is depenilent on the power which is being taken), so that no 
great difference is made, as tla; wheel head moves in and out 
with the cross slide. The laiarings then run under good conili- 
fions, and the slide itself need not be gibbed, but ways similar 
to thos(! of the main slide used, and the whe<“l head kept down 
by its weight atone. 

The spindle of Pig. 35 is driven in this manuei', and the 
ways of the wheel head arc as shown in the figure at X and Y, 
and the general arrangement of the drive is shown in Pig. (>‘2. 

In Pigs. 79 and 82 are shown tension and idler amuigements 
on a self-contained machine. These general arrangements are 
more fully described in Chapter VI. 

In face wheel grinding machines, the diameter of ^^he 
grinding face does not decrease, and when one diameter of 
wheel only is used, one spindle speed only is necessary. Where, 
however, it is necessary to use cup wheels of other diameters, 
other suitable speeds must be provided, and this increases the 
range of usefulness of wheels of any particular grade. 

Wheel Truing Arrangements.— It has been pointed out 
that in such cases as we are now considering the diamond 
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or wheol truer should, be attached to the work-carrying part 
of the machine, so that the relative motion of wheel and work 
will true the wheel correctly. In Figs. 29 and 80 the diamond 
tool is carried in a bracket on the tailstock. In this machine 
(Brown & Sharpe) the bracket shown is arranged to carry 
a tool for truing the side of the wheel, by aid of the cross¬ 
feed motion. Similar arrangements are shown in Fig. 77 
and in Figs. 78 and 85, which represent the designs of 
the Cdiurchill and Norton machines respectively. In all 
th(«e the wheel is trued above the centre line, which is a 
matter of indift'ereiice if the spindle be parallel to the main 
ways, but if it be not it produces a slightly curved surface, 
so that th(! wheel does not cut over its whole face. '1 o avoid 
this the Landis Tool Co. adopt the arrangement shown in 
Fig. (>4, for holding the short diamond tool, which is here 
level with work ciaitre. Although the arrangement does 
noti appear so direct and substantial as when the diamond 
tool is held in a clamp on the tailstock, the diamond tool is 
here backed up by the work, as shown. 'I'ho fitting is shown at 
1), in Pig. 110, detached from the machine. In the Cincinnati 
grinders, Fig. 112, the diamond tool is set ‘ level ’ with 
the axis by being put through the centre itself. Although 
these devices secure a theoretical point, 1 prefer supporting 
lhaitf amond as rigidly as possible, with a minimum of overhang. 
The drawings show tlu' axis of the diamond tool sf[uare "with 
the face of the wheel, luit it is rather better if arranged to be 
at a small angle (lO" or 1.5°) to the normal to the surface, as 
the end is not worn flat so cpiickly. 

It is not ^0 necessary to use diamond tools on wheels for in¬ 
ternal grinding and face grmding. In the former the wheels have 
frequently to be trued at s'mrt intervals, and it is easy to touch 
tiieiu up with a hard piece of carborundum wdiere they are seen 
to be glazed, and it saves the time of bringing up the diamond 
tool. On the internal grinders of my design the diamond tool 
is provided with a fine adjustment, so that when one piece of a 
repetition lot is completed, the diamond point can then be set 
to the wheel, and serves as a kind of gauge, which prevents the 
hole being ground over-size, besides being always ready for use. 
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The act of truing a wheel brings a large number of facets 
into action, and makes the wheel more likely to glaze when it 
is on the point of doing so, than it is if trued by a rougher 
method.' The best method is to have the wheel of the correct 
grade tor the work, use the diamond tool, and the full face 
of the wheel; but as broken wheels have frequently to be 
used up on internal work this is not always possible, and wheels 
which are ratla'r too bard have to be made to work, although 
the spindle is too springy to maintain the requisile disinte- 
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grating cut. Also owing to the exigencies of manufacliun’, 
small wheels made to an ordered grade ar(' tre(jupntly some¬ 
what too hal'd. Wlienevi’r possibk* Trt'ater should be used on 
the diamond when truing the wheel. Where it is necessary 
to true a wheel to a parlicular shape to ‘ form ’ grind work, 
the diamond tool musti be carried by a special mechanism, 
of which examples will b(' given later. 

Wheel Guards. —Wheelir may burst it run at excessive 
speeds, such as can be caused by the erjgine racing, or by 
mounting a wheel on a spindle sjieeded tor a much smaller 
one. Forcing on too large a collet or an accviental injury 
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may also cause a wheel io be unsafe. In machine shops doing 
accurate work such causes aie infrequent, but the results are 
in any case to be guarded against, and the cast irqji wheel 
guards employed arc usually su))stantial. Wliile the strength 
and inertia of such a guard are sullicient for wheels of moderate 
size, larg(? wheels should ha\(‘ guards of wrought iron or 
mild steel. One such 
is shown in Fig. 4S, 
wbicli giv(w a closer 
view of the wheel head 
of the machine by 
Messrs. Churehill, of 
wdiicli Fig. Ht) gives a 
general view. 

'I'o incr(MiS(‘ the 
capacity of steel wheel 
guards to take U]) the 
energy of a bursting 
wheel, the sheet is 
frequently bent into 
corrugations, as in the 
tool grinder by Messrs. 

Harper, Sons, A Ilean, 
which is shown in 
Fig. 49. 

Pumps and Nozzles. 

--The best ty))e of 
pump for the circula¬ 
tion of the water is a 
centrifugal with its axis 
veriical, so that the bearings are abovv' water-level. The flow is 
radially outwards. th(! water going into the pump disc at its 
centre, and being delivered at the increasval pressure due to the 
rotation at the outer edge, and hencp flowing to the delivery 
jiozzle. The head against which a centrifugal will deliver de¬ 
pends (nearly) on th# square of its velocity, and this makes 
it advisable ihat the speed should be constant, otherwise 
there is apt to Ce undue splashing at the delivery. The best 
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arrangement of the piping is shown in Figs. 58 and 78, where the 
nozzle can bo quickly swung out of the way, so that the 
work cap be inoasured in comfort, and the nozzle then easily 
replaced in position. 

The section of a pump is shown in Pig. 50. Here A is the 
body, B the paddle, and 0 the vertical spindle driven by the 


i 



pulley 1). The water-level must be well below the bottona E 
of the spindle bearing, but well above the top of the paddle. 
The fluid enters the paddle at the centre, and receives velocity 
by the rotation. It is delivered into a channel P of gradually 
increasing section, and Anally delivered at the apace G to the 
vertical pipe H. Bumps which require packing or have a 
definite contact in the working parts are rapidly ruined by 
the grit in the grinding fluid. 
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The simplest effeotive nozzle consists of a pipe cut off at 
about 45°, as is shown in Fig. 36 at L, and used with the lip 
nearest to the wheel. The pipe may be flattened toward^ the end. 
In small machines this is entirely satisfactory; larger machines 
usually have a special fitting, as shown in Figs. 57 and 58, 
or have an adjustable flap to the nozzle so that it can be spread 
as desired. It is very ini])ortanl that the fluid should bo 
directed right on to the grinding point; the cutting points 
of the abi'asive material ought to work in water, so that the 
heat produced is partly absorbed at once in the fluid. A certain 
velocity is needed in the jet to accomplish this, as the wind fiom 
the wh(‘el blows tla? w’atei' about. 

Tlu! sjjeed of the wheel throws the water off as spray, the 
liner ])arts of which float- as a kind of mist, and niako such 
guards—as are shown itt j, j' in h’ig. 30, and in otlier illustrations 
—desirable. To reduce? the spray to a minimum, traps for it 
are sometimes cast in the guards, as in Messrs. Churchills’ 
machine on page 171, b’ig. 58. 

The Reversing Mechanism. — Two types of reversing 
mechanism are common in grinding machines: tlie trigger 
rcilease arid fhi' plungej' tiip, which is usual in automatic slot 
drills. Of these the former ri'cjuires less force, .and has less 
wear. 'L’ho diief cause of small variations in the reversing 
jiosition is due to the momentum of the parts reversed, pro¬ 
vided t^j: trip mechanism is well arranged. The trigger 
’•elease is shown in Fig. 51. wliich is a drawing of the reversing 
box of the Cincimiati (irinder, shown latei’ in Pig. 112. The 
drive is thi’gugh the pulley A seen on the left, which is fast 
on the shaft BO, on whicBthe clutch 1) is keyed to slide. The 
shaft BO is enlarged where D slides, and two keys are shown 
ljy.(!d. The clutch I) is ahernately engaged with bevel pinions 
E and P by the clutch teeth on their faces; so that these 
alternatively drive the bevel gear G—indicated by its pitch 
circle—into which they both mesh, apd thus give it, and through 
it the table of the machine, motion in alternate directions. 
When the top H of the reveraing lever H.T is moved t(j the 
right, it moves the slider L on the bar MN to the left, carrying, 
by means of tfie springs P, Q, the bar with it, which thus moves 
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the clutch D by means of the fork R, vhich is connected to 
it by means of a second bar, into engagement with the clutch 
teeth on R. The trigger S then falls with its tooth U behind 
the collar T, w’hich is fast on the bar MN, and thus retains 
the clutch teeth in mesh. The table tlien runs towards the 
left, and when the stop moves the top H of the reversing 
lever to the left, the lower end .1 moves the slider L, which is 



loose on the bar MN, to the right, aompressing the spring Q. 
The rod MN cannot move, since the collar T is prevented 
by the tooth U of the trigger. The spring is compressed unljT 
the foot V of the reversing lever, after engaging the trigger S, 
lifts it so that the tooth U comes out of (>ngagement with the 
collar T, and the spring yien carries the rod MN, and with 
it the rear rod (which is connected to it), the fork R, and 
clutcti D to the right, taking the clutch I) from engagement 
with the bevel pinion E, and engaging it with the bevel pinion 
P; the tooth Y of the left-hand trigger then falls behind the 
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collar Z, and so retains the clutch D in mesh with the right- 
hand bevel pinion, and the table now runs towards the right. 
If the motion is well made the moment of reverse is determined 
by the trigger edge, moved very directly from the table, 
passing the collar edge. 

The arrangement is perhaps more clearly seen in Pig. 52, 
which is a photograph of the apron of a Guest No. 0 Grinder, 
taken during the erection of the machine. In designing, I 
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hold accessibility a cardinal virtue and the removal of the 
apron cover accordingly I'xposes the whole rever-sing mechanism. 
T^ie parts are lettered in the same manner as for Pig. 61, and 
the same description applies, except that here the fork K is 
carried directly on the rod MN to save shock. The stop-cone 
A is driven from the step-cone a at the rear of the machine; 
the bevel gear G drives the rack g (and so the main slide) 
through intermediate spur gearing. • 

So far as the bevel pinions, gear, and clutch are concerned, 
the plunger type is the same; reversing is done by means of a 
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plunger with a vee top wliicli works against the foot of the 
reversing lever. This is illustrated in Figs. 53 and 96, whore the 
revorsin" lever AB is shown with its top A to the right. The 
table is travelling to the left, and as the stop moves A over to the^ 
left, the bottom of the reversing lover B moves to tho right, and 
in doing so forces the plunger 1) down, compressing a spring 
in the bracket E. When the bottom point of tho lever has 
passed the vee of tho plunger D, tho latter rises and forces the 
reversing lever quickly over. Tho clutch P, which engages 
the bevel pinions G, H alternatively, is connected to tho reversing 
lever tlirough tho lover J and bar K. This has two studs L, M, 
which tho reversing lover AB moves, and there is a little slack 
between the lever and the studs, so that tho clutch teeth keep 
in g(!ar until the point of the reversing levor has passed the 
point of the plunger B, and then the reverse takes place rapidly. 
Tho sliding clutch F is slowly withdrawn from the bevel pinion 
clutch it is in engagiuiient with till tho niomont of riwerse, and 
is then quickly moved into engagement with llie opposite bevel 
pinion. Once idiere the plunger retains it in engagement until 
the next reverse. The motion can be reversed by the lever 
N, which niov(‘S the rod K ; by centralising N the clutch F can 
be centralised, and thus the travel motion thrown out of action. 
The motion from the bevel pinion is communicated to tho table 
by means of gearing, the final movement to the table being 
given through a rack bolted to it. In small machines the 
small torque due to a screw and nut motion to tho main slide has 
been found to produce inaccuracies in tho work. 

In the arrangements of various designers there are differences 
of construction in the reversing mechanism, but G the action 
is understood, any small matter getting out of order can be 
easily set right. One cause of failure to reverse in the trigger 
type may be noted, however—^a trigger failing to fall owing 
to dirt or tightness due to any cause. The result is that, 
at the following reverse, as tho spring is compressed, it slides 
the clutch out of engagenjent with one bevel pinion, without 
taking it over into the other, and the tra#/erse motion stops; 
and as the defect is at the opposite side to the parts operating 
at the moment of failure, some time may be spont in locating 
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Fio. 63 .—Feed Mechanism- 
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it. In these machines the reversing ' lever is operated by 
dogs seen at a, a' in Figs. 51 and 54. In the Cincinnati machine 
the stop bodies are clamped on to the vee W, and operate 
a fixed projection c of the reversing lever by means of swing 
j)ieces d, d'. These have a fine adjustment l)y means of the 
screws c, e/, and can be swung up so as to miss the projection 
c, so that the slide can be run beyond the reversing points 
when desired for gauging. On returning the table fhe pro¬ 
jection c lifts the swing piece, which then falls into acting 
position again. In Messrs. Churchills’ machines tin; stops 
are seen in Pig. fifi, which is a view of an Internal (Iiinder, in 
which the traverse and reversing motions are the same as in 
the Universal and Plain machines. Here ih(^ stop bodies a, a 
slide along a rack bh', and ha ve a line adjustment by means of the 
screws e, e', the llanges of which engage the lack. The stops 
operate on the withdraw ))in c of the reveising lever, and by 
drawing it out against a spring the slide can be run beyond the 
reversing points. On returning the incline dd' jmslies back the 
withdraw pin c. The engagement of the scn-w llanges with the 
rack makes it impossible for a stop to slip, allhough the ojrerator 
may omit to clanij) it. 

Stops fitted to a rack are also used in Messrs. Brown A 
Sharpe’s machines (see Figs. ‘2!t and 54, in the latter of which 
the lettering is similar to that of Pigs. 51 and Dti); they arc 
simply held by a clamp in the Norton Co.’s design, m which 
supplementary stops (see Fig. 56) for limiting the run of 
the table beyond the reversing points for gauging purposes 
are also fitted. ’ 

This direct connection between, the main sl?(lo and the 
reversing mechanism is impossible where the main slide carries 
the wheel head, unless the machine were worked the wh^el 
side of the machine. In machines for very large work this is 
probably the bettor arrangement, but in smaller machines it 
would bo very inconvenient, and the mechanism for setting the 
reversing points is then provided on what is normally the front 
of the machine. The arrangement in th«r Landis machine is 
clearV seen in Pig. 98, which illustrates an Internal Grinder. 
The stops a, o' here are adjustable round a wornf wheel hh', and 
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are given a fine aaju3tnient by means of small worms c, o', 
which are in gear with the worm wheel. By lifting the small 
worms out of gear, tho stops can be rapidly adjusted to the 
approximate position. The worm wheel is geared directly 
into the main slide rack and turns with it, making here nearly 
one complete revolution for the full main slide traverse—as is 
seen by thointonial gear teeth at dd' on the worm wheel—which 
occupy nearly the whole circumference. Tho main slide is 
moved by htmd by the wheel /, the shaft of which carries a 
pinion meshing, with the internal gear dd.' A similar arrange¬ 
ment is soon in the front view (Pig. 62) of the Greenwood & 
Batley Plain Grinder. 

In plain grinders a pause or tarry device inserted in the 
gearing between the reveising mechanism and tho main slide 
is an advantage: it should be adjustable as to the amount, 
and capable ef being thrown out of action when required. 
For ray machines 1 used a single-tooth clutch, which could be 
inserted more or less deeply in a clutch having steps of different 
height; this is an effective but simple device, as is desirable 
in mechanism which is enclosed. 

Tho hand wheel for traversing the table should be geared 
so that its top moves in tho same direction as the table moves. 
The action of throwing the automatic traverse into action 
should, on the larger machines, throw the hand wheel out of 
gear—for the hand wheel motion being geared down con¬ 
siderably to the table motion, its rim velocity is high when 
connected with the running table, and the momentum change 
at rever.se causes severe forces on the gear teeth. I consider 
it to be advaniageous if the movement of the throw-out motion 
normally causes the throw-out to take place at the next reverse, 
instead of immediately; thus the operator does not have to 
watch for that moment when he wishes to stop the wheel at 
the end of the work for gauging purposes. 

The use of wide wheels and the recognition of the principle 
that tho traverse per revolution of the work should exceed 
half the width of tho tfheel has led to rapid rates of traverse. 
The dynamic effects are the more considerable in the machines 
for work of smaB diameter. Although the main slide speeds 
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are aiiiall compared with those of planing machines, the 
precision of reverse and absence of shock are so desirable 
that cushioning is being tried. The machine (Norton, 
3 inches x 18 inches) of Eig. 86, has a cushioned reverse. The 
Greenfield Manufacturing Go. make a machine in which the 
main slide is driven hydraulically, the motion being controlled 
by a two-way valve, and in this they have the same end 
in view. 

On all but the smaller machines it is desirable that an 
adjustable safely slip motion be fitted in the main slide drive, 
so as to allow the slipping to take place instead of serious 
damage. Such a slip motion is shown at 1’ in Fig. 53, and 
consists of a flanged coupling between the shafts of the motion, 
driving by friction only. In this illustration (Pig. 53), it 
will be seen that the drive for the table traverse comes through 
a change speed box Q of the Hendy type, through the shaft R 
and friction F to the reversing box; S is hero the hand 
traverse motion, and T the throw-out lever. 

The Cross-feed Mechanism.—The lower end of tho reversing 
lever in Figs. 29 and 51, the lower end of the plunger in some 
machines, and in Fig. 53 a rocking lever operates the respective 
automatic cross-feed mechanisms. These all consist of a ratchet 
wheel, operated by a pawl, to which a variable stroke can be 
given. A typical design is that of Messrs. Brown & Sharpe, 
shown in Pig. 54, and has been referred to on page 119. 

The mechanism is operated by the vee point A at the 
bottom of the secondary lever Be, which, acting on the roller 
G, presses down the lever D to a definite position at 
each reverse of the table. After" the point has passed the 
roller, the spring E pulls the lever D up until the end of 
one or other of the adjustable stops FG meets the curved 
arc B, near the bottom of the secondary lever. This limit? 
the er^ient to which the spring pulls the lever up, and so 
the exfent of movement of the ratchet H, which is operated 
through the link K; and this determines the number of teeth 

of" theigatchet wheel L which the ratchet H will take at each 

w % 

reverse. The amount of feed is set by adjusting the position 
of the stops F and G, and can be arranged to be different 
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at' the two ends of the stroke, which is useful when it 
< is desired to grind a diameter right up to a comer, as is de¬ 
scribed on page 97. The cross-feed is thrown out of action 
by putting the ratchet H out to the position H', in which it is 



retained by the spring latch M. The wheel can then be run 
back by hand freely. As the feed takes place it carries round 
with the ratchet wheel KL, which is graduated and fixed to 
the hand wheel N, the ^hield P, which eventually comes under¬ 
neath the ratchet H, and prevents it from acting, thus aufo- 
matically throwpg out the feed. This shield P is carried 
round by the arm Q, which is held in any desired position on 
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the ratchet wheel by the plunger ratchet at R; it can be 
rapidly slipped round, moving it clockwise, and is provided 
with a 'latch adjustment ST. By squeezing ST together the 
part T containing the plunger ratchet E is approached to the 
grip B by an amount rather greater than tho tooth space, carry¬ 
ing the tooth of the ratchet with it; on release it slips back 
over the next tooth, so that the result is that tho shield has 
moved back through the space of one ratchet tooth. 

Such a mechanical throw-out to the cross-feed action will 
trip the motion, .so that the cross-feod disc is practically in the 
.same position every time, and if the connecting mechanism 
to the wheel head is correctly designed and well made, work 
can be duplicated by such a device, to an accuracy which 
is commercially satisfactory. The moment of the throw-out 
of the cross-foed movement may, however, be controlled from 
th(i size of the work itself, and the work size will then be inde¬ 
pendent of tho wear of the wheel. Messrs. Pratt & Whitney 
and myself have indej>endontly brought out such devices; in 
both eases the control was electrical, the diminishing size of 
the work operating a lever which made an electrical contact 
when the work was to size, the resulting current energising 
an electro-magnet, which threw tho feed out. Messrs. Pratt & 
Whitney employed a single diamond point to eliminate the 
effect of wear. In my arrangement the work was measured 
across a diameter by a lever caliper with hardened surfaces, 
and arranged to swing a little; this eliminated the effect of 
vibration, and made an accurate throw-out, although vibration 
was present. Electrical contrivances, howovel, make their 
way very .slowly in workshops, and in connection with grinding 
machines there is the disadvantage that all ■wires and connections 
have to be very carefully protected from the soda wat(i‘f or 
oily solution used, as it is most destructive to the insulation. 

To work satisfactorily any cross-feed must receive attention; 
the ratchet wheel and, mechanism must be kept clean, and 
the cross-slide oiled and run to and fro over its full range 
oecasionally. ' 

In grinding one piece, after the work has been got parallel, 
the shield is set just short of the pawl H, and the automatic 
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feed then takes off a tliousandth or so, and is thrown out by 
the feeding up of the shiehl. The machine is allowed to run 
a few traverses more, and the diameter of the worl; is then 
measured, and the amount which it is over-size ascertained in 
quarter thousandths of an inch. The grips ST are then pinched 
once for each quarter thousandth of an inch the work is over¬ 
size, and the machine started again. The automatic feed is 
allowed to throw itself out, and the machine to take a few 
more traverses, and the work should then be to size except 
for the wear of the wheel. In most cases this is negligible, 
but if the work is large and the wheel has worn so that the 
work is still over-size, the grips ST arc again pinched once 
for each quarter thousandth of an inch remaining, and the 
process repeated. 

For repetition work, the ratchet H is thrown back from 
the wheel to the position H' indicated by the broken line, 
and the wheel run back fiom the work one or two turns of 
the hand wheel. The next piece of work is then inserted in 
the machine, and the wheel brought up until it cuts, when the 
automatic feed is thrown in, and the machine left to its work. 
The position of the shield at which the wheel first cuts should 
bo noted, so that the wheel may be brought rapidly up to it 
as the succeeding pieces are placed in the machine. 

While tho machine is grinding, the centres of the next 
piece should be cleaned and a carrier placed on it in readiness— 
two carriers are desirable for this purpose in small repetition work. 
In machines in which the accuracy of the cross-feed can be 
relied upon,* when the automatic feed has been thrown out, 
and a few trSverses more .taken place, the piece of work may 
be removed without measuring it, and the next substituted, 
tmd tho machine started The piece removed can then be 
chocked for size. If it is over-size beyond the limit, the cross¬ 
feed is at once compensated to take what may be allowed off, 
so that the piece then in the machine will be to size. After 
it has been finished the over-size piece can be returned fci 
finishing. 

Much work has one or both ends reduced for a short dis¬ 
tance to take if wheel, or collar, or serve as a journal, and this 
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distance is too short for traversing the table. The ■wheel 
is then fed in by hand, and to limit the cross-feed movement 
in this cfise a stop U is provided, which can be drawn forward 
by the handle V when required, and forms an abutment 
for a projection on the shield arm Q. This enables the diame¬ 
tral size of the short lengths to be duplicated easily; com- 
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pensation for the wear of the wheel is made in the same maimer 
as before. t 

In J’ig. 55 is shown my design of cross-feed mechanism, 
illustrating some points which I regard as desirable. It is 
operated by the lever A, the other end of which is pressed down 
by an edge of the reversing dogs; by running the dog screw 
well, out, the cross-feed action is thrown‘out at that reverse. 
The lever A rocks the arm B, pivoted concentrically ■with the 
spindle, so that the point 0 of the ratchet CD reaches a definite , 
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point each time. Th,o amount of the return of the ratchet 
is controlled by the position of the end E of the arc EP, which 
is adjusted and locked by the knurled nut G. The graduations 
of this adjustment, seen at P, give the amount of cross-feed 
on the work diameter. The ratchet 01) is shown retained in 
its out-of-action position by its end I). The ratchet is finally 
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• 

thrown out of action by the stop H, carried by the graduated 
disc J; the throw-out takes place when the zero graduation 
niches the fiducial mark K, so that the reading at any time 
gives the amount which the machine will feed before the 
tlnow-out tsrkes place—as shown it is 3 J thousandths of an inch 
on the work diameter. This enables the wheel to be brought 
rapidly into action in repetition work on which the grinding 
allowance is known.* The knob L compensates for the wear 
of the wheel, by shifting the disc J back on the ratchet 
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wheel (not visible, and which is keypd to the shaft) one 
tooth at a time. The mechanism is enclosed to protect it 
from the grit. 

The chief differences in the cross-feed mechanism consist in 
the driving of them. The Norton feed mechanisms are seen 
in Pig. 56: the drive is from a rocking lever A, through a sliding 
rack B and pinion C ; this gives a considerable movement to the 
ratchet I), so that it first falls into engagement with the ratchet 
wheel E, then moves it, and then moves back to the position 
shown. This permits the wheel to be run back from the work 
at any time except when the ratchet is actually feeding, without 
the operation of throwing the ratchet out of engagement. The 
compensation for the wheel wear here is by a small pinion P, 
which meshes with the ratchet wheel, which is cut as a gear 
wheel for the purpose. The pinion is turned by the handle G, 
which has a plunger and a locating hok; in the plate H corre¬ 
sponding to each tooth of the pinion ; thus the movement from 
one locating hole to the next moves the shield hack one tooth of 
the ratchet wheel, corresponding in this case also to 0-00025 inch 
on the diameter of the work. This is a positive device, and the 
position of the shield on the ratchet wheel cannot be moved 
without withdrawing the plunger and turning the handle G : 
it takes some time, however, to move the position of the 
shield far. 

To adjust the amount of the cross-feed at each reverse, more 
or less movement is given to the sliding rack B by adjusting the 
position K, at which it is connected to the rocking lever A. 

In the small Norton grinding machine shown in Pigs. 85 and 
86 a differential gear is included in the cross-feed mechanism, 
so that the usual movement through a ratchet tooth space is 
replaced by the larger one indicated by the notches at Q. 

Where the wheel head and cross slide are the traversing part 
of the machme, the derivation of the speed motion has to be 
different, but the mechanism connected with the ratchet wheel 
is generally similar. In Fig. 57 is shown a side-view of the 
wheel head of a Landis Plain Grinder with automatic feed; 
here* the ratchet wheel A, ratchet B, and the compensation 
latch C for the wear of the wheel, are clearly seen. < The ratchet B 
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is operated by thu uLaft D, which receives its motion from the 
lever E. At the reverse the plate F rises, pushes up the weight 
G, and feeds the ratchet; on the return of the plate, the weight 
6 falls, carrying the ratchet back with it. The amount of 
return, and hence of the feed, is adjusted by the screw H. 
In Messrs. Greenwood & Bailey’s Plain Grinder (see Pigs. 02 and 
63), which is of the travelhng wheel type, the attachments to the 
ratchet wheel are well enclosed, which is always a desirable 



Fio. 07 .—^IjAndis Plain Uhindeb, End View 


point in .a g.rinding machine. The feed motion is arranged to 
operate at tlio end of the ,stroke, during the pause before re¬ 
versing, by means of end movement of the main slide rack. The 
m^hanism is carried on tl.e main slide, so that the hand wheel 
and auto-gear do not move in and out with the cross shde. 
This is a desirable feature, particularly upon the larger sizes 
of machines. 

It is very desirable that the movement given to the ratchet 
wheel corresponding *10 the minimum cross-feed should be an 
easily visible amount; also the operation of the ratchet wheel 
by the ratchet* with certainty requires a reasonable pitch of 


170 ' '^BINblNG MACHINEEY 

tooth. This comparatively large amomjt of motion has to be 
reduced in a very largo ratio to give the small movement 
(usually,If o’,Ml inch) of the cross-feed, corresponding to a tooth 
space of the ratchet wheel. 

This reduction is made by means of a worm and worm 
wheel in almost all machines, the linal movement of the slide 
being produced by a rack and pinion. While this is undoubtedly 
convenient in the case of Universal grinders, I have a strong 
preference for a plain screw feed in the case of Plain grinders, 
though Messrs. The Norton Manufacturing (’o.’s machines are 
the only niacliines, I believe—save those of my design—so 
fitted. .Hacks and pinions can bo cut fairly accurately, but 
screws can be lapped to a very high degree of accuracy, as is 
described in a later chapter, and most measuring machines 
employ a screw a.s tho final means of subdivision of the inch. 
The accuracy of tho response of the wheel movement to tho 
indications of the cross-fe(al disc is most important in manu¬ 
facturing grinders, especially in repetition work where less 
skilled operatives are employed. 

A cross section of the (Ifmrchill Plain Grinder, showing tho 
arrangement of the cross-feed, is given in Pig. ,58. The ratchet 
wheel A is fast to the pinion B, which is in mesh wiUi the gear C, 
which is loose on the worm shaft BE. The worm P meshes with 
the worm wheel G, which is on a horizontal shaft carrying also 
a pinion H, which gears with the bull wheel, and this engages 
the rack L, fixed to the cross slide M. Tho backlash is taken 
out by the weight N, which holds the wheel head buck from the 
work by means of the chain PP'. It will be noticed that the 
worm is fitted with ball thrust washers to lossefl the friction, 
and runs in an oil box. 'I’he pinion H is keyed to slide on the 
shaft BE, and when moved to tho right engages the gear C by 
means of the single-tooth clutch seen. Tho movement of fiie 
ratchet wheel A then operates the cross slide, the worm and 
worm wheel supplymg the principal part of the reduction ratio. 
When E is in tho positioh shown, it is out of gear with the 
automatic movement (but-is always in mesh with the lower 
gear), and the wheel head can then be run rapidly to and fro 
by the hand wheel 8, an indicator at T showing^he movement.. 




58.—Cross Section or Chdechiu, Plain Gbiniieb 
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Fig. 56 for compensation for the wear of.tho wheel. The wheel 
head cross slide is not gibbed, but consists of a veo and a flat, 
as can he seen in Figs. 35 and 48. 

In Universal machines, where the lower cross-ways swivel 
round a central point, this particular arrangement cannot 
be used; the only difference is that the worm wheel (i then lies 
in a horizontal plane, and its vertical shaft is concentric with 
the stud about which the cross-ways swivel; the pinion at the 
upper end of the worm wheel shaft meshes directly with the 
rack. Many Universal have no arrangement for taking the back 
lash out of the rack and pinion, as a loose weight with its 
chain would bo trouljlesome when the cross-ways were adjusted 
to an angl(‘. Such an arrangement is very desirable, as pi’eoise 
correspondence of the ci'oss slide position with the indications 
of the cross-feed wheel is very imi)ortant in repetition work. 

The arrangement of the inecluinism between the cross- 
feed hand wheel ami the rack in the Landis machines can be 
seen in Fig. 36. As shown, the cross-feed is not automatic. The 
feed disc M operates a worm shaft, the worm of which and the 
corresponding worm wheel lie in the casing N. The worm 
wheel shaft, the axis of which, PQ, is vertical, carries a pinion R 
on its lower end, which is in mesh with the rack S, which is 
bolted to the main slide of the machine by the screws shown. 
Here the food motion moves with the wheel head. In Fig. 57 
the part F operating the cross-feed automatically is seen to be 
elongated, so that it operates the feed in whatever position 
the wheel head happens to be. Here the slide is of the vee 
type, gibbed as shown at TT' in Fig. 36. The •cross-slide is 
hero held back from the work by a spring enclosed'm the case K, 
Fig. 57 ; the spring is helical, and used in bending (by twisting 
round its axis), so that its tension can bo adjusted easily. ^ 

Steadies.— Another feature peculiar to grinding machines, 
though for Plain and Universal machines only, is the steady; 
of these a pair are shown at h, ¥ on the floor in Pig. 29, and in 
position on the machmo in Fig. 30. A line drawing -of this 
stes^dy is shown in Pig. 69, and is MessFs. Brown & Sharpe’s 
design, used on all their machines. 

Spring Type.—The object of steadies is to prevent vibration 
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of the work and hold it firmly against the cut of the wheel. As 
the diameter of the work decreases by the grinding a little at 
each stroke of the main slide, steadies for grinding jpachines 
cannot be set once for all hko a lathe steady, but must be 
arranged to keep in contact with the work continuously as its 
diameter decreases. Two types are in general use—those 



JTio. r>9.— Steady, Spkino Type—Beown & Shakpb 

adjusted byVrews, and fjiose held up to the work by springs; 
the steady of Pig. 59 is of the latter type. 

, Here the steady body A is clamped to the machine table 
B by the screw C; at 1) is shown a water guard, and at E a 
piece of work. A lever P is pivoted at G to the steady body, and 
is forced inwards by a spring H, the tension of which can be 
adjusted by the nut J; its forwaM motion is limrted by the 
fine pitch screw K. 'This lever forces forward a shdmg piece L, 
supported on a roller at M so as to move freely, and carrying 
a shoe which tiears on the work at N and P. In order that the 
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shoe should touch the work at both N and P it is pivoted to L 
at the voo Q, and adjusted by the screw It, the point of which 
boars oi\ the rear part of the shoo, '[he nut in which the 
screw E works, is free to slide in the recess m L, and is kept down 
by the spring T, the tension of which is controlled by the 
nut U. 'I'ho screw K controls the size of the work, and the 



screw E adjusts the shoe so that it-touches tljo work at the 
two points; both movements are spring controlled. When 
the work is to size the screw K is in contact with its stop and 
the nut S at the bottom of the chamber; while the work is being 
ground the shoe is forced into contact with the work at P and N 
by the combined action of the springs, neither the screw K 
nor the nut S being in their final position. 

The shoes, though they are metal, we'ar as a number of 
parts are ground, and the screws K and E are adjusted to 
compensate for this wear. The screw K requires io be adjusted 
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carefully, as it ‘ siiiHi’ the work; thiu woik is sized at its 
ends by the cross-feed of the machine, the table being set 
correctly parallel first, but the ini.ermediate parts are, sized by 
manipulation of the steadies, using the screw K. 

Screw Type.—In Fig. 60 is show'n the steady of the Landis 
machines; here the shoes A and B are adjusted by the screws 
C and 1) respectiv(!ly, which feed the screws up positively. The _ 
upper screw C is the more important, as it directly controls 
the work dianuiter: it acts directly on the sliding part E to 
wliieh the shoe A is fixed. The shoo is moved positively by 
the screw 0, but is pressed forward beyond the positive position 
by the spring K. the tension of which is adjusted by the 
screw (i. 

The shoe B is held by ih(‘ bell-crank lever H, pivoted at J ; 
it is o]ierated posilivdy forward by the screw I), ihe forward 
motion of which is limited by the adjustable nut K and with¬ 
drawable stop L. 

Above the steady is the section of the rod on which the 
sheet steel water guards hang; the arrangement can be seen 
in Pigs. 64 and 82. 

In the Norton grinding machines the steady shoes are 
adjusted positively by screws, but no springs such as shown at 
P, Fig. 60, are employed; rollers are used to make the motion 
more sensitive. A series of steadies are shown in position on a 
machine ii . Pig. 66. 

In these positively adjusted screw steadies the shoes are 
of wood; tfiis supplies a certain degree of elasticity, which is 
desirabl w^n the work is forced to the wheel by a hand opera¬ 
tion. Should the force exerted bo too great the wood yields 
and wears, while metal would present a firm support, and 
farce the wheel to cut. 

Brass or bronze shoes soon wear to a bearing on the work, 
and for repetition work are very desirable. When, however, 
the quantities are very great hard steel shoes are the best, 
and accurate stops should then be fitted. Occasionally brass 
shoes mark the worli with a trace of colour, but it can easily 
be removed in finishing. 

The shoes* must bear as shown in Fig. 60—the shoe A 
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opposite to the wheel, and B almost yertically beneath the 
centre of the work, but somewhat towards the wheel. After 
a little Ijime the shoes wear at the contact points and provide 
bearing area; but there must always be a clear space between 
these areas, and when the shoe is in one piece, as in Fig. 59, 
this condition must be observed. 

In machines of British manufacture (see Figs. 58 and 62) 
the simple screw steady without springs seems to be generally 
adopted. There is considerable difference of opinion as to 



what the pitch of the screws should be. If it is fine there is 
no sensitiveness to the touch—that is, the force with which the 
work is pressed cannot easily be felt when handling the steady 
screw. If the pitch is coarse, then the most minute amount of 
turn of the screw moves the steady block a very considerable 
(according to grinding accuracy) distance, and reliance has 
to be placed on the estimation of the force; as the effect of 
the force varies with different lengths and diameters of the 
work, each job requires a little practice. 

The screw steadies need continual attention and adjustment, 
keeping the operator fully occupied. They are, however, very 
much easier to set up than the spring type. 
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Automatic Type.— toe steady shown in Fig. 61 is one which I 
brought out and fitted to my machines (initially in 1904): it is 
arranged to work automatically. The main part is the rocker 
which swings in the top vees : as it swings forward one of the shoes 
(here pieces of rod adjustable for different sizes of work) touches the 
work, the second is then adjusted to touch it also, by means of a 
fine pitch screw bearing on the heel of the steady block holding the 
two .shoes. As there is a ‘ change point ’ in the mechanism the 
moment the second shoe touches, this position is at once perceived, 
and the adjustment is very easy. The weights of the parts are so 
arranged that the shoes are pressed on to the work, but with a force 
of only a few ounces, so as not to spring it. 

A steel ball is then placed in the inclined vee groove cut in the rear 
part of the rocker, and rolls down it until it touches the still more 
inclined surface above the vee groove, and takes a po.sition as shown 
it X. Immediately a httle has been ground off the work, the balance 
3f the rocker "causes it to move forward and to keep the shoes in 
:ontact with the work. The ball, however, acts as a continuous 
ratchet, and prevents the cut of the wheel forcing the work away. 
Although the whole steady is rigid, and metal to metal from work to 
nachinc table, the sensitiveness of the arrangement is such that no 
Touble occurs, though the shoes are metal. The swing latch at the 
Jack is to keep the rocker up and the steady block out of the way 
vhen inserting work. The action of the steady has proved to be 
ensitive and accurate. 


Q'he following records of tests indicate the degree of sensitive- 
lesB of this steady :— 



Test. 

Maximum variation 
of diameter. 

No. 1 

Work 4' X 91'—^Bright drawn steel—3 



l ioasuroments over BJ'—1 steady .. 
Work X 91'—Blight drawn steel—3 

0'0003" 

2 



moasuremente over 6^“*—1 steady .. 

0'0002' 

3 

Work J" X 9J'—Reeled steel—3 measure- 



ments over BJ"—1 steady .. 

00001' 

4 

Work j|' X 24' — Turned M.S. — 8 



measuremeats over 20"—3 steadies . 

0-0003' 

6 

Work IJ' X 24' — Turned M.S. — 8 



measurements over 20"—3 steadies . 

0-0004' 


In these tests the steadies were adjusted to the work at the 
tart, and not touched afterwards. 

The steadier in position on a machine can be seen in Fig. 68. The 
)^k-adjusting screw is at K, and the block at M, while at L is the 
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sizing screw for sprung slender work. Messrs. Pratt & Whitney more 
recently (patent of 1908) have brought out a similar, but not so 
sensitive, arrangement. 

Follow Best.—When work has already been ground nearly to 
size—within O-OOl inch—it may be steadicfd for tinish grinding 
by a steady fixed at the wheel. The steady may be carried 
on the wheel head or on the body of th(' machme, if the wheel 
head does not traverse. As the steady is fixed at the wheel 
it is very efficient in preventing chatter, and highly finished 
accurate work can bo obtained by its me'ans. It can be used 
for parallel work only, and is best suited to large quantitiej| 
of slender work of high accuracy. 

In grinding rods and shafts a stieady of this type is used 
the rod is rotated and fed through the sti'ady once only, the 
wheel being wide enough and of such grade and grit as to 
finish the work at a single pass. Such a machine is shown 
in h’ig. 183 ; very lino adjustments are fitted both to the 
wheel and to the steady, and the latter is of hardened steel. 

Machine Bodies.—It has been pointed out that the forces 
at the grinding point are very small compared to those occurring 
when cutting tools are used, but it will have been observed 
that the bodies or main frames of modern grinding machines 
are very massive, when compared with the bed of a lathe for 
work of the same size. 

This is partly to meet the requirements of accuracy and 
partly to chock vibration. To ensure the maintenance of 
accuracy of the ways the modem practice is to' provide three 
feet to the machine body, and upon these it is 'to rest, and the 
remainder of the space beneath is to be clearance ; the body' 
is scraped and the slides fitted when it is resting thus, sojihatj 
the machine works under the same conditions as it is 
factured. The feet are shown at U, V in Fig. 58, and aW 
the clearance space between the rest of the machine and the;' 
floor. The maohmes are not to be bolted down, they merelyt 
rest by their own weight, which is arrangedto be quite sufficient’ 
for the purpose. ' ■; 

HSf When the machine is very long this methoftiraot adopted 
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a good concrete foundation is prepared, and the machine 
levelled upon it, supported by adjustable taper wedges. These 
can be easily seen in Fig. 83, which gives a view o*f Messrs. 
Nortons’ largest machine. The wedge moved by means of 
a screw gives a very line adjustment, so that the machme 
may be set true in itself and kept true, although the foundation 
may sink or distort. While rigidity in the vertical longitudinal 
plane is imj)ortaut, it is more so in the vertical plane perpendi¬ 
cular to (hat, and in the horizontal plane, although these 
rigidities appear to be sometimes slighted by designers. 

Although these rigidities are always to bo considered, 
in the bodies of the machines of my design, attention 
was especially paid to the breaking up of the vibrations 
by placing (.he s(iflening ribs of the convct shape in suitable 
fosil.ions. Uy a suitable design both aims can bo secured 
by the same metal correctly located, so that the machine 
whiffi not increased in weiglit will be less subject to vibration 
troubles. The mechanical princi])les upon which vibrations 
depend are those given in treatises on dynamics, and are 
obtaiiK'd from the general laws by neglecting, as far as is 
possible, (he s(iuares of small quantities. A brief treatment 
adapted to the scope of this work has been given in 
Chapter IV. 
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PLAIN GRINDING MACHINES AND EXTERNAL WORK 

Development of the Plain Grinder.—As the Universal Grinder 
was steadily developed, it gradually became evident that 
much of the unhardened, steel work, previously completed 
in the lathe, could be profitably transferred to the grinding 
machino for the finishing process—that is, not only was the 
finish obtained of a liigher quality, but that it often at the 
same time cost less. This opening up of the process of finishing 
by grinding as a manufacturing method naturally led to 
the construction of simpler but more powerful machines, for 
external work only, which machines hence acquired the name 
of Plain Grinders. 

Compared with the Universal Grinder, work capacity for 
work capacity, the Plain Grinders are fitted with wider wheels, 
usually of greater diameter, have a more copious water supply, 
more rapid feeds, and generally are more stiffly built, and 
take much more power. The cross-ways, wheel heads and 
work heads have no swivelling adjustment, and in the larger 
machines, which are intended for parallel work only, the 
work table also does not swivel; the parallelism is then secured 
by use of a set-over tailstock. 

The comparative simplicity has given the opportunity for 
certain improvements. In the Brown & Sharpe Universal 
Grinder, Figs. 29 and 30, the table H is flat on the tftp, 
which presents advantages in some work which these 
machines are occasionally called upon to do, but it does 
not offer a corresponding advantage for plain—that is 
straight or slightly taper-^-work done between the centres; 
and as a table section somewhat of a triangular or L section: 
has a greater rigidity, and yet does not increase the height 
of the work from the main ways, such a seetibn has become 
180 
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usual in Plain 8r.n(lers. In some designs the system of 
protecting the table by means of short pieces of telescopic 
guarding—as shown in Figs. 29 and 30 at g—whigii require 
arranging for each different length of work, also gives 
place to protection by arrangements requiring less attention. 
Where the wheel head travels there is more inducement to 
retain the llat-toppcd table which does not travel, and so can be 
easily made deeper. This is the case in the machines shown in 
Pigs. 62 , 63, and 110, which are a Plain Grinding Machine 
by Messrs. Greenwood & Batloy, and tlie No. 1 Universal 
Grinder of the Landis Tool Co. respectively, in both of which 
the wheel traverses. The guards consist of sheet steel pieces 
bent to the reejuisite shape and hung from a rod, reaching from 
one end of the table to th(' other. The top of th(> table in 
tliese machines is flat, and the centres are aligned by the 
vertical scraped edge D (Figs. 62 and 63), against which the 
Iioadstock and tailstock are pulled by the action of the bolts, 
the heads of which lie in an inclined tee slot, as is seen 
best in Fig. 64, which shows the section of the table in the 
Landis Plain Grinders, and the mode in which the parts are 
fitted to it. Th(' parts arc lettered to correspond. 

The Table Section. —The table A has a flat top B, on which the 
tailstock C rests, and a vertical edge D, against which the aligning 
edges of tl.'e beadstock and tailstock are pulled by inclined bolts 
E, Eth' slot F for the bolt heads being correspondingly in¬ 
clined. The sheet steel guards G, H, K are shown, hanging round 
the horizontal rod J. These parts arc also seen in Pig. 57, where 
LM is th fiat top of the table, the slot in which is marked N. 
Two sets of graduations at P will bo noticed. This is useful 
and customary, the graduations bemg in degrees and in inches 
, pfe- foot taper. Where the table, for the sake of rigidity 
primarily, is given a shape having a somewhat triangular 
section, the detail can be arranged—after providing suitable 
guiding edges for the headstock and tailstock—to assist in 
carrying off the water. In the case of small machines the 
headstock and taMock may be of the ‘ swan neck ’ type, 
and overhung from ways on the side of the table farthest from 
the wheel, as il shown in Fig. 65, which gives the table section of 
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Messrs. Brown & Sharpe’s No. 11 Plain Grinder. Here the 
ways A, B w'hich support and guide tlie headstock and tailstock 
are well protected from grit and splash by the sheet metal 
guard 0. This guard with the inside I)E of the table forms 
a surface off which the water runs to the channel P of the main 
slide G. In larger machines it is desirable that the supporting 



parts for the work should have as little overhang as possible, and 
more rigid designs are adopted, Messrs. Brown A Sharpe tlicn 
using the slip guards described above. 

Mr. Norton’s design can be well seen in Pig. (id. Hero the 
upper ways A, B are protected by the vertical projection C, 
and the lower way D has ^he sheet steel guard E jutting out 
over it. The tailstock leg and foot P is doubled round the 
sheet steel plate E to rest on its way 1). The groove G is 
merely for the heads of the clamping bolts to fit in, and it is a 
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matter of iiidifter< no« that the water flows on to it. The head- 
stock and tailstock are bridged across from one way to the 
other by these curved legs, and the swan neck type of overhang 
is avoided. 



In Pig. ()7 is a sketcli of my design of table section and of 
method of protection of tlio ways. .Here the guards consist of 
throe pieces of sheet steel, one, ABCI), fastened to the table and 
reaching the whole length between the lieadstock and tailstock 
when separated to their limit, and pieces EP and (IH about 
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half that length—the fot mer carried by fhe headstock and the 
latter by the tailstock. These three guards telescope as the 
headstocJi and tailstock are adjusted, and protect the table 
completely in all positions; to allow of this telescoping the 
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guard ABC!) is joggled at the centre, the piece AC running 
towards the headstock and through it, and the piece BT) to¬ 
wards the tailstock and b(;yond iti. The object in enclosing the 
table so completely along tjie bottom edge at DF is to jirevent 
the wind from the wheel blowing the gritty liquid round the 
guards to the grinding way. For work of large diameter these 
guards are easily removed; the table must then be cleaned 
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up before replacing tile*!;!. For jjurposes of rigidity the guards 
pass through a curved slot KL in the beadstock,so that overhang 
is avoided. The tailstock is slightly inclined, to allow tliff lower 




Fbj. 68.—Guest Plain Oeindek, End View 
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parts of tho guards to pass it. The jippearance of a taoie so 
enclosed is seen in Fig. G8, which is a view of an 8-ineh by 48-ineh 
machmo, and in which the lettering corresponds. A number 

of steadies are 



Fw. 09 .—Plain Giunukb, Work Hkar—C nTiiHiiiLL 


sliown in posi¬ 
tion. 

In machines 
where tlie table 
ways are well '• 
protected, a 
little attention 
is nevertheless ‘ 
iiecessaiy, as- 
spray lloats in 
tho air and 
settles on sur¬ 
faces, finally col- 
lecting into 
drops. Tliese 
must be occa¬ 
sionally wiped 
up. Also a 
shoulder on the 
work or a key¬ 
way may cause 
splashing if the 
water supply has 
a .slightly too 
high velocity. 

In the ma¬ 
chines of Me|srs. 
The Churchill 


Machine Tool 


Co., the table is of a triangular section which carrii's off the flow of 
water easily, hut no attempt is made to proti'ct the table ways 


from fluid and grit except that drain jpittei-s are cut across 
the lower ways, 'fhe table is ipiitc open, and can be got at 
without difficulty for wiping up when the position of the 
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hfeadstock or tailstock i) changed, as can be seen in Figs. 58 
and 80. 

The Work Head. —As Plain grinders are intended to be used 
for work between the centres only, there is no necessity for the 
work-head spindle to bo fitted into bearings, as all it has to do is 
to support the centre, which is dead. Accordingly the head- 
stock in these machines is simply a bracket into which the 
spindle, carrying the dead centre pulley and centre, tits tightly : 
and this construction has the further advantage that there is 
now no oil iilm round the spindle to produce its effect on the 
work. Pig. 09 shows the construction of the headstock of 
Mcs.srs. Churchills’ smaller machines. The table section is 
shown at ABCDEF, AH being the surface where it tits the main 
slide. Cl) the ujiper guiding way, and P the lower, and E the 
clamping edge, whereby fho bolts fill, fi' clamp the headstock 
J in position. The spindle K is a tight fit in the headstock, 
and is drawn in by the nut L : it is bored through so that the 
centre M can be easily removed for sharpening. The dead 
centre pulley has a bronze bush, and rotat.es easily on the 
spindle ; and a protection ])late is screwed on to the front 
of it. It is surrounded by a fixed protecting casing with belt 
apertures; at the side is shown the driving pin, which can 
bo adjusteil to any convenient distance from the centre. 

The Centre Grinding Head. —Suico the work-head spindle 
does not roiate, a separate small running head is provided in 
Plain grinding machines for the purpose of receiving the 
centres and rotating them for grinding their points true. It is 
common praetjee to make these small heads with their axes 
at a fixed angle of 30° with their ways, so that when placed in 
position on the grmding macliino table they sharpen the centre 
to ffh included angle of CO ’ when the table is straight; they 
may, however, be made adjustable, or at any angle to suit 
particular work. 

Although the centre grinding head is a small attachment, it 
is an important one; the taper hold for receiving the centre 
must be run dead true, otherwise when the centre is placed in 
,,the main hoadstock it will be out of line, which will create 
^trouble continuously. 
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The Driving of Plain Grinders. Beit Drives only.—In the 

headstock just described, which is typical of the headstocks of 
small Plain grinders, the dead-centre pulley is driven hy a belt 
from a drum overhead, as is shown in Pig. 70, which gives the 
general arrangement of the whole of the drives tor this machine 
—the Churchill 6-incli Plain Grindei’—and may he compared 
with Kg. 30 giving tlui corresponding arrangement for Messrs. 
Brown & Sharpe’s No. 1 Universal Grinder, both of which 
machines are of the travelling work i.ype. Here the fast and loose 
pulleys A,B for the main belt are on the first shaft CC', on which 
is also the pulley I) which drives the wheel spindle. There are 
two speeds provided for the wheel spindle, obtained hy moving the 
belt at the wheel head, and one two-stop pulley EE' only is used. 
The belt runs as shown under a tension idler P, which compen¬ 
sates for the difl'erence of diameter of the steps on the wheel- 
head pulley, and also tor t he variable position of th(> sjiindle 
in and out, preserving a requisite tension on tlu’ slack sid(> of 
the belt. Thus the adoption of a. I.ension idler adds considelf^ 
ably to the life of the wheel spindle bearings, besides renderih^ 
the change of its speed easy. • ' ' 

The first shaft CC' drives the second shaft at the rear by 
means of the pulleys G, H, so that it runs at constant speed. 
Prom the second is driven the drum for the work, the pump, and 
the feed : the pump from the pulley J, the feed by means of 
the step cone K on the second shaft and C on the machine, 
and the dram shaft by means of the step cones M, N, the latter* 
of which is connected to the drum shaft P by means of a friction 
clutch Q. This is operated by the lever 11 on*tbe machine 
through the connecting-rod S ; the brake is shown at T. The 
drum P drives the dead centre pulley. 

It will be noticed that the traverse is driven from a constant 
speed shaft (by the cone pulleys K and L), while in Pig. 33 it is 
(y||n (through the pulleys y and N) from the shaft of the 
dnm which drives the work. In the latter case the traverses 
therefore are a definite amount per revolution of the work, 
and this possesses the advantages illustrated in Pig. 26 (page 95 ), 
Plain grinders, however, generally have the traverses driven 
independently, and the makers give variour'reasons for the 
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arrangement; one, however, does not,appear to have been 
referred to—namely, that high rates of rotation must be provided 
for worliiof small diameter, and a traverse of nearly the wheel- 
width per I evolution then gives so high a velocity to the main 
slide that the shock of the reverse must lie cushioned, or will 
lead to trouble if used. If the traverses are independently 
driven, a limit of speed suitable to the machme and its gearing 
can be easily arranged. 

Rapid Speed Changing Arrangements.--This drive is nearly 
the same as that shown for the Universal; it has added a 
tension idler to the down wheel belt, which permits tho wheel 
speed to be changed easily, and adds some other advan¬ 
tages. Where speeds have to bo changed frequently in manu¬ 
facturing machines it is desirable that it should bo an easy 
and quick operalion, and on tho larger grinding machines it 
is now customary to lit such arrangements, and is beginning to 
be so on the smaller sizes. They usually take the form of gear 
boxes of either the Hendy, the S(iring key, or sliding gear typo, 
such as are in favour in modern machine tool practice. The 
operator of a grindmg machine is continually makinglneaswe- 
ments to a fraction of a thousandth of an inch, and welcomes 
any convenience which makes it unnecessary for him to handle 
a greasy belt, so that the obtaining of the various speed changes 
by tho movement of a lever has a secondary gain, besides that 
of tho time directly saved. 

As regards the change of work speed, there are two very 
different arrangements: according to the first, the speed of 
the belt to the dead centre is changed by a gear^b’ox through 
which the drive goes; while in the second the g€‘ar box is on 
the work head itself, and tho work is driven by a dead centre 
gear. The former type is used not only on Plain machinss, 
but also on Universal, and is hence better illustrated by taking 
an example from among the latter. Eig. 71 shows the general 
arrangement of the drive of the Cincinnati Universal Grinder, 
in which the speeds are obtained by gear boxes carried at the 
rear of the machine. Here the main drivers to the pulley A on 
th^. first shaft BC. This shaft drives the wheel spindle pulley 
D by means of the pulley E, giving one speed*only, and the 
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gear box pulley P by me ins of the pulley G. From the left hand 
part of the pulley P the pump is driven by a belt to the pulley H 
and then through gears. The gear box is shown in Pig. 72. 
The pulley P drives the top shaft wliich. by means of the 



Fio. 71. —Akbanoement of Dhive—Cieoienati Oeierek Co. 

clutches J, K and the gears LL^, gives two speeds to the 
middle shaft N. For each of those speeds the lowest shafii- 
P can have any of six speeds by means of the nest of gears 
Q, Q, Q, any one of which may be made the driver of the lower 
^ears Q, Q, QP by means of the spring key R controlled 
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by the rack sleeve and gear S, S', the gear being operatea 
from the front of the machine. The lower shaft on which 
aro the'fixed gears Q, Q, Q carries the pulley T, which drives 
the main slide traverse pulley A in Pig. 51. The middle 
shaft is carried through to a second speed box U on the 



Fio. 72. —(Ihanoe Speed Box—Cincinnati Tool Co. 


left of the machine, containing a nest of gears controlled 
by a spring key operated in a similar manner to the other 
from the front of the machine. The secondary shaft— 
the upper one—carries a pulley V, which drives a pulley W 
on the drum shaft XY, and from this the work is driven in 
the usual manner by the belt Z. The countershafting is now 
simple, and all the speed changes are cohtrolled by two 
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levers in the front uf ire inacliine, and both work and traverse 
can be stopped hy a movement of the lever, which operates 
the clutches in the first speed box. The work spindly is belt 
driven, which gives a smooth motion, and is not liable to cause 
chatter marks. The drive shown gives one speed only to the 
wheel head, but it could easily be arranged for more. 

Thii advantage of having all the work and table speed 



Ihll. 73.— NoHTON I’LAIN (iKINDEB, 10' X 3B' 


changes on the machine—instead of being obtained by shifting 
belts in the coimtershafti’ig itself, or from the countershaft 
to the machine (Figs. 83 and 70)—has caused the use of this 
type of drive to extend rapidly. Messrs. Brown & Sharpe 
have adopted it on their Plain grinders, using speed boxes 
similar to those on their milling machines, except in the 
smallest size, where a»i adaptation of the Sellars friction drive 
is used. In Fig. 97 it is shown adapted to an internal grinder 
by Messrs. Chuiehill. 
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When the mechanism for changing the speed of the work 
is carried on the headstock itself, the arrangement is generally 
only suitable for a Plain Grinder ; the spindle could be either 
live or dead, but the change over from dead centre to chuck 
work would be a little troublesome if both were fitted. Figs. 73 
and 74 show a 10-inch by 36-inch electric drive Norton Grinding 
Machine, and in this the change of speed for the work is got 



FIQ. 74.—NoETOS P 1 .AIN (iRINDEU, 10" X 30' _ 


by moving the belt A from the drum to one or other of the 
steps of the cone pulley B, the shaft of which drives the dead 
centre gear in the casing C by a pinion. The shaft is carKed 
in a swing frame about the spindle axis, so that the belt from 
the drum can be made tight, whatever the size of the sf)6p it is 
on. The tension is put on the bolt A by the lever D—attached 
to the swing frame—which is locked when the belt is tight. 
The belt A passes through a guide E, whteh slides along a bar 
P, and can be located correctly for the various steps of the 
cone B. As a step cone driven from a drum‘cannot have a 
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very wide range of sp''ods, the drum has two speeds, by counter¬ 
shafting pulleys with friction clutches. The feed is driven in a 
similar manner—shown in Fig. 56—the belt L which run« round a 
weighted tension idler drives the pulley M, the speed depending 
on the step of the cone upon which the belt is set. Here the 
range of speeds given by the cone pulley M, which is driven 
from a drum at the back, is increased by the gearing at N. To 
avoid handling the belt, the change of the position along the 
cone is made by the sliding fork P, the cones having inclined 
parts Q, Q' between the steps, so that the bolt L moves up and 
down the cone easily. 

The more usual method is to drive a gear box on the work 
head by a constant speed belt from the drum, and obtain the 
whole range of speeds by the gearing. Examples are shown 
in Fig. 75 of a machine by Messrs. The Churchill Machine Co., 
where the gear box is of the spring key type, and in Figs. 62 
and 68 of Messrs. Greenwood & Batley’s machines, in which 
the gearing is of the Hendy type, but the design avoids the 
irregular slot opening of thp Hendy box, and affords very 
complete protection. 

Geared Dead Centre Drives.— In these cases, where the 
work is driven through a dead centre gear, there is always a 
possibility of the gearing producing surface marks on the 
work. The dead centre gear should be as large as pos.sible, 
and the teeth numerous, cut spirally and of an overlapping 
width. Even then marks are sometimes produced in the 
work. They may also occur when the work is driven by a 
worm and worm wheel. In such designs as that of Mr. Norton, 
where the duid centre gear is driven by a pinion carried in 
a swinging frame, the frame may bo unlocked for the finishing 
traverses—the weight alone makes a sufficient tension in the 
belt—and by its yielding produces a smoother surface on the 
work. It is frequently stated that gearing does not produce 
surface marks on the work, but so far as my experience goes, 
wherever a gear drive has been rejrlaced by a belt drive, the 
quality of surface produced has been improved. For much work 
the surface marking, which is of very small depth, is not a matter 
of importance,iand the dead centre gear drive is then satisfactory. 
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These improvements in Plain grinders to meet manufacturing 
requirements have made them continually more comphcated, 



and the trend now is towards reducing tlw number of belts to 
machine, and finally towards self-contained machines. The 
movement, commenced with the larger machine,s, has extended 
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to the smaller, and now Messrs. Nortons’ smallest machine 
(3 inches by 18 inches, Figs. 8.5, 86) is built self-contained. 



By driving the jrork from the* body of the machine itself 
the countershafting is reduced to a single shaft, and by 
arranging the^ wheel drive on the machine it then becomes 


Fia. 76.— Chcbchim, Pu.ra Gbikdeb, X 120', with 8EL»-coHTii»Ei> Wobk Dbitb. 
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self-contained; as f'-eso points are independent, m^hines 
■which illustrate both are selected as examples. j ‘ 

In Figs. 75 and 76 are shown views of Messrs. Crtirchills’ 
macliine with self-contained work drive by means of a belt: 
the drive is from the pulley in the rear, round the two centrally 
situated idler pulleys, then round the work head idler pulleys 
and main pulley, and finally by the idler pulleys at the tailstock 
end of the table back to a central idler pulley and the driving 
pulley. One of the idler pulleys is made to keep the correct 
tension on tlio belt. In this arrangement the table may be 
swivelled on the central stud without affecting the running of 
the belt. 

Another arrangement of the drive is seen in Messrs. Churchills’ 
large self-contained machine of Fig. 77, in which the work drive 
is by means of a horizontal front shaft, a vertical shaft, and an 
inchned horizontal shaft to the work head. In both those 
machines the change of work speed is made by a gear box in 
the head itself. 

A similar drive is used on Messrs. Nortons’ large self-con¬ 
tained machines. Figs. 78 and 79, where the horizontal shaft 
is inside the body of the machines and drives the horizontal 
shaft, carried by the table and work head, by an inclined shaft. 
The work table in this case cannot be swivelled, and the tailstock 
has a set-over adjustment for securing exact parallelism. 
The change of speed is obtained by a cone drive similar to that 
previously described, and carried on the body of the machine. 
The machine shown is fitted with a gap to accommodate such 
work as justons fixed to their rods. 

The duve io the wheel spindle on these machines is similar: 
the wheel spindle itself is driven from a countershaft carried at 
the rear of the work head and adjustable—in Messrs. Churchills’ 
design by sliding, and in Messrs. Nortons’ by swinging— 
for the alteration in belt length; and this countershaft is 
driven from below by a belt at the side of the machine. A 
weighted tension idler pulley is contained in this drive, so 
as to allow the cross (novement of the wheel head to take place 
without affecting the drive to the, wheel. The direction of 
the belt pull is^ere almost directly away from the work, but 
this cannot be avoided on self-contained machines. Two belts 




i ' la . 78.—Noktos Plain Grindbb, 18' x 30' X 96'. Self-oontaised Type with Gap 















18'X 30” X 90-' SKl-r-oo*”-*®®” 
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are ™ed, but the drive can be arranged with one only, as can 
be sodn in Pig. 82, which shows a very large machine by the 
Landis Tool Co. There arc here two idler pulleys used, the 
belt to the wheel spindle being bent the reverse way in its 



I'la. 80.— ('iniufHiLi, Pi.ais (Juindeh, 30" X 20'O'. «ELi?-roNTAiNEB 
Ei.kctbic Uhive 


circuit; it has the advantage, however, of being a much l«pger 
belt than those of the system first described. 

These machines are entirely self-contained, and are driven 
by a single pulley or a motor suitably placed. Where the size 
of machine is still greater, the arrangements for transmitting 
the motion to the work become cumberiwme, and the work head 
is then most conveniently driven by an electro-motor, so that 
two or more independent electro-motors are*employed in the 
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driving of the toaclnno. The greater the amount of hower 
required at any point, the more suitable does the empliwment 
of a Separate motor at that point become, so that the larger 
and more powerful the machine the more profitable is the 
employment of separate motors for the various movements. 

In Messrs. Churchills’ 80 inches by 20 feet Plain Grinder, 
Fig. 80, two motors are employed—one to drive the work and 
the other driving the wheel and other motions. The machine 
is of the travelling table type although the length is so 
considerable, and is generally of much the same design as this 
firm’s smaller machin(« which ha ve b(!en previously illustrated. 
The work head motor is set with its axis at right angles to 
the work axis, so that any want of balance there may be in the 
armature does not produce direct ('ffects on the work. The 
arrangement of the cabli! conveying the current to and from 
the work hei'.d motor as it moves can be easily seen. The 
wheel guard in this macliine is of rolled steel instead of the 
usual cast iron. 

A machine of the same capacity, 30 inches by 20 feet, by the 
Landis 'Tool Co. is shown in Figs. 81 and 82. It is driven by 
three motors. The wheel, 80 inches diameter, is driven from a 
variable s))oed motor, controlled from the front of the machine, 
by a belt running round two idler pulleys, as can be seen in 
the rear vic^w. This grinding wheel motor is not carried 
on the main slide, but runs on the track seen at the rear of 
the macliine, and receives the current from, and delivers it 
to contact shoes which run on the wires at tho rear of the 
body of the machine. The grinding head cross slide has a 
rapid power n^ivement controlled by tho lever seen alongside 
the hand cross-feed; this is in addition to the usual fine auto- 
matjp cross-feed. 

The motor at the work head end of the machine serves 
the double purpose of revolving the work and traversing the 
main slide, the speed changes being by change-speed gear 
boxes. The third motor is used to^ drive the pump, and is 
seen at the right-hand end of the machine, with its armature 
spindle vertical. 

It will be naticed that in this machine the wheel slide is 
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not gibbed down, but is guided by a and a flat way. The 
reversing stops are fitted on a rod at the front of the machine 
and tripped by contact with the travelling wheel and mechanism, 
which is moved in unison with the wheel by moans of the screw to 
be seen just above the rod on which the reversing stops are fitted. 

A very large roll grinding machine, taking work up to 50 inches 
by 17 foot, by the Norton Grinding Co., is shown in Fig. 83. 
Here the wheel head travels, and the motions are controlled 
from the wheel side of the machine, which is the best arrange¬ 
ment with work of large diameter. Here five independent 
motors are employed : a 40-h.p. motor for driving the wheel, 
one of 15-li.p. for revolving th(! rolls, and three 2-h.p. motors 
for moving the work headstoek and tailstock along the ways 
to tin; difT(‘rent positions required, and for driving the ]>nmp. 
The wheel is 24 inches in diamei.er by 8 inches face, and weighs 
200 lb.; the small crane seen at the whed head is for lifting 
the wheel and its collet. The centre seen in the tailstock is 
6 inches in diameter, but is not used for the work seen in 
the machine, which is ground supported in pillow blocks. 
The total weight of tin; inacliine is 100,000 lb. 

In their largest machine, shown in Fig. 84, Messrs. Churchill 
have adhered to the t,ravelling work type. This machine 
has a ca])acity of 50 inches by 25 feet, and takes wheels up to 
5t) inches l>y 5 inches. Its weiglit is w(4l over 100,000 lb. and 
its bed is .50 feet long. It is driven by two electric niotors, and 
the controlling mechanism and operating k'vers are brought 
to the front of the machine. Tin' gen('ral d('tails of the 
mechanism follow the lines of the smaller machines, but the 
rapid movement, of the wheel head is power driven- -by means 
of the open and crossed belts on the pulley to the right of 
the operating mechanism. When in use the lower pari of 
this mechanism is covered and protected by a steel platform, 
above which only the lever handles and the hand wheels 
project. The mirror, carried on the steel wheel guard, gives 
a view of the approach of the wheel to the work. The staging 
carrying the conductors oJ the current t» and from the wheel- 
head motor, which is of the variable speed type, is seen at 
the rear of the machine. 
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The large macniuc i. illustrated above, which have been 
built in recent years and their commercial success, show that 
there is a growing reliance in the suitability of grinding for 
work of large size, and a belief in its economy. All these 
machines are fitted with easily operated speed and feed controls, 
as on such sizes it is a necessity; on the smaller machines 
such fittings are a great convenience, but they are expensive 
features when the total cost of the machine is considered, 
and this renders their acceptance into current practice slow. 
That they are becoming regular features of the machines 
indicatiC's that it is now recognised that the handling time is 
worth sa\ iiig. 

As illustrating the extension of the litting of such con¬ 
veniences to small* machines, vi('ws are given in Figs. 85 and 
80 of th(! smallest machine made' by the Norton Grinding 
Vo. The main drive of the machine is at A (Fig. 80) and 
from the main shaft the belt 11 drives the pulkw C on the 
wheel head countershaft, the correct tension being maintained 
by the spring-controlled idlei’ pulley D. The countershaft 
pulley Fj drives the wheel spindle itself by a belt running 
round the tension idler F. The table fe('ds are driven from 
the pulley G on the main shaft, which drives the cone pulley H 
(Fig. 85). This in turn drives the cone pulley J, the various 
table speeds being obtained by shifting the bolt along it. 
From J the table is driven in the manner adopted in the 
larger machines. The work is also driven from the main 
shaft through the double Hooke’s joint telescopic shaft K and 
gears, the speed changes (4) being obtained by the cone pulleys 
L and M, the latter of which drives the dead centre gear by 
a pinion. The control rod for this iiiotion is seen at N, the 
hamjle being in front of the machine. Below this is the 
haitdle P operating the main belt fork. The cross-feed contains 
a differential gear, so that the spaces seen at Q giving the 
minimum cross-feed movement are wide ; a substantial dead- 
stop is provided at B. The settling tank S is pivoted at its 
lower inner corner for,convenience m cleansing. As the table 
movement on small work (the machine takes lO-inch by l-inch 
wheels) is rapid, the reverse is pneumatically cushioned. 

p 2 
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Pucli machiiK's ;»s <l(‘SC!rib(‘(l abovt' iiulicafo tho develop- 
inenl of tlie art of blinding as a manufacturing process. In 
the progress from the l'ni\'ersal Machine of the tool room, 



( 

85^—Nokton I'n.nx (Jrixdku, .S" x 18". ,SEi.F-roNTAiNEU 


the desire for increased production was first met by the use;,^ 
of greater power by more rigid machines, and this has been| 
followed by the eniploy^nent of rapid speed changing tuiiS| 
handling devices, while at the same time continual effortB'-: 
have been made to improve tho protection of tho various parts' 
against grit, and to increase the useful life o^the machines. 
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From the machincfi wo now turn to tho work, and the 
actual process of the use of tho machines. 

Preparation of the Work. Centre Holes.— External cylind¬ 
rical work is done ladween dead centro, wherever possible, 
as it (diminates en'ors due to a live centre running out of 



Fio. 80.— Nobton (Jiunuku, 3" x 18'. SEi.F-ei)NT.\isEi) 


truth. In the preparation of the work the centre holes are 
important, and should be of tho shape shown in Pig. 87, the 
centre hole A being drilled well beyond the vertex B of the 
taper 0, and for this Sloconib centre diills are useful. The 
end of the work at IT in the neighbourhood of tho hole should 
be faced if there is much work to bo done on the part, as other¬ 
wise the hole nifty tend to wear to one side. 
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For repetition work, if there are tapers or shoulders on the 
work, the centre holes in all the pieces should bo drilled to the 
same depth, as the tapers can then he sized by (lie automatic 
cross-feed, and no readjustment of the nwersinf^ stops is 
necessary. 

The angle of tiie l.aper is usually GO”, hut some lirms prefer 
to work with 75°; this is the greatest angle used in work to 
be ground. The diameter of the lade desirable depends upon 
the work : centre holes suitable for lathe work are large 
enough for gtinding. When the part has no lutlie work on it 
the centre lades should he as large as would l)e used on lathe 

work, it output ho the 
consideration, hut if it 
he precision they should 
he smallei'. I'or gauge 
woi'k jS inch on medium 
- size and inch diaineter 
on la.rgei- gauges is sul* 
licient for the large end 
of the taper; and in 
work of this precision the 
Flo. 87. — C'kntue JIoi.ks hides should he lajiped a 

little after hardening. 

Key-ways may ho filled with wood if they cause a tendency 
for the water to splash. 

In some cases it is more (iridltahle t.o grind direct from the 
rough, whether black har, forging, or casting, than it is to turn 
first. In these cases care should be taken that the allowance 
is as little as is consisteidi with the work ulwaijK cleaning up. 
Black bar should be reeled : inch is sufficient allowance for 
diameters up to 1 inch by lengths up to 4 feet. While it is 
impossible to give a general rule, shafts in which the ratio of 
length to diameter is 30 or more are usually economically 
ground from the black. The more slender the part and the 
harder and tougher the material, the more difficult the turning,- 
is, and the more likely it is that grinding from the black will'; 
prove economical. It may he noted that if the shafts be' of 
tool steel for the sake'of hardness they should,,be tur^d first, 
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as the surface may ha^ e l)eon dc'carbonised to some extent in 
the processes of manufacture, and rp([uiring a diametral VV inch 
or so to bo removed. 

Autotnol)ile crankshafts and iiiaiiy otlier parts are frequently 
ground direct from drop forgings. Tlie primary consideration 
here is th(^ (juantity, as the cost of dies is considerable. The 
forgings can be produced r(!gularly witliin jiV roch of si/e, and 
closer should it be dosiralile. The amount to be ground 
off is furthfs' incriiased by the allowance of taper aside at 
shoulders and some other lla.t ))arts which is necessary, in 
order that the work may leave the dies readily. 

Allowances for Grinding.—In imdiminary tuniing a smooth 
quality of .surface is not desirable; tberidg<’S left from the tool 
are very rapidly j^’ound off. and help to keep the whe('l in good 
condition for rapid work. 

The amount allowed for grinding in the turning is governed 
by the necessity for the work invariably iinishing to size, and 
should be such as to leave no doubt in the mind of the grinding 
operator as l.o whether it will do so. 'I’he lower limit is fixed 
,by this consideration, and ati upper limit arranged so as to give 
£juch a margin that tin' turning can be done rapidly. As the 
finishing from 0'02tl inch o\'er-size takes only a little longer than 
fromO'OlS inch over-size, the Lit he limit should bo wide with the 
aim of total economy on tin! whole of the w'ork. The limits siiould 
be closer where the work is done on a caps! an than on a cent re 
lathe, as the cost of working to the finer limits is then smaller. 

The pi'actict! of Messrs. Brown & Sharpe is to allow 
0 ()08 inch to 0 012 inch on the work diameter for all sizes of 
work. This «s an allowance only stiitable for repetition 
manufacturing in quantity ; for general work the allowance 
shcvuld be larger, othorw’se too liiuch time will be taken in 
the turning. 

The Landis Tool Go. recommend the allowances given in 
Table IV, but do not suggest the limits. 

The allowance given should depend not only on the size 
of the part, but alsa on the rate at which it is to be turned, 
and the purpose for which the part is intended. If the part 
is intended for, strength, particularly against fatigue, and the 
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I'liniitig I'iipid. not less Ginn 0 01 incli for Ciijistun or O’Ol.') inch 
for CMiliro lathe work slioulil lie allowed, as it is iinportant 
that, all the nuiterial over-stressed (a,nd i)('rha.])S therefore 
conta,ining ineiih'nt Haws) in turning should he ground off. 
Heasoiiahle regular tolerances (to he added to the minimum 
allowance, are 0’0(I4 inch to O'OOd inch for ca.pstan and O’Ol inch 
to O’Olo inch for ci'ntre lathe work. 

Case-hardened Work, -h'or hardened work the limits can 
only he tixed aftis' experience with the particular steel used, 
and depend on Gie sha,])e of the ]iart also. When work is 
desired lo he lull'd ill sonii' jdaces and soft in others it is usual 
to case-harden it on those |iarls only which are lo he hard. 
Case-hardening for grinding cannot he done hy ‘ potashing ' - 



Ti'j. 8K. - Ti'iiNiNt; i-tiK Ca.mng anji JIahdening 

lli.d is, hy niakiiig the work red hot and riihhing the surface 
with ferrocyanide of jiotassiiini, which fuses on the surface and 
carhoni.ses the iron there into tool st.eel—as the effect of this 
only extends lo a de]ith of a few thousandths of an inch from 
the surface. To case-harden to a depth suitable for grinding, 
the part must he heated in contact with carbonaceous matter 
or gas for sevi'ral hours. To priwenl. the parts which arc 
desired to he soft from hecoming carbonised,^diey may he 
coicred with clay which is nurelialde—or copper-plated 
(the whole is co])p('r-])laled and the jilating aftorw'ards jiolished 
oil the jiarls to he hard), hut prehu'ahly only the parts to be 
hard are turned, the whol(‘ cased, then the casing turned off the 
parts to be left soft, and finally the part hardened. This is 
illiihtrated by the sketch of a spindle shown in Fig. 88, in which 
the bearings All, CJ), and Gie face ])E ar^ required to be hard 
and the rest of the sjiindle soft; also suppose that the spindle 
is to be hollow as show'ii. The depth of the casing and the 
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allow'iince for {'riodijn^rvill vary with the size of the spindle ; 
for a leiifftli botwem one and two fei't a depth of ilich to 

inoh of carbonising is sullicient, and a suitable grinding 
allowance is 0'020 to ()'()‘25 incdi on the diameter. 

The stoclc is cut otT and the ends faced so that the part is 

inch or | inch longer than the linished spindle—suppose 
it \ inch over-length. Tla^ hearings AE and Cl) are then 
tuniiMl with the allowance altove mentioned for grinding, 
and a. little is left on the fac(' DE, so that thi’ part has 
the shape of the hi'oken oiitliin'. It is best to turn off 
the skin of a har; it is apt to he hard after carbonising. 

It is then carhonised hv heating in contact with charred 
leather, grannlatsal hone, or other siiitahle compound, at 
a teniperntaire ofV)))()“ ('. for ahont. jive to six hours. There 
are a nnmher of mixtures on the market for the purpose of 
carhonising. hut most of these are snj)plied in a slate of line 
powder, which is nndesirahle, as the carhonising is actually 
performed hy 'he gas given otf. Cranulated hone contains 
phos])horns, and it is hetter to a\()id it. Sulphah'of barium 
mixed wdh the lealher accelerat('S the jtrocess, hut whether 
the result is as good as with charred leather alone is douhtful. 
The amount -percenlagi'—of carbon absorbed in the steel 
depends on the deiith fromtln‘Surface,solhal thedejilhof casing 
IS not an exact figure, though a. fracture shows a wndl-marked 
ring. The de])lh. which depends on the time of heating, may 
he anything desired—u]) to several inches in the case of armour- 
plate. As it trikes time for the liisit to piuietrate the box and 
carhoriav'i'ous material, it is advisable to put small test pieces 
in the box o^ parts t.o he cased. These may he withdrawn 
hardened and broken, so that the actual depth of casing can 
be ascertained at various times, and the correct amount 
secured in the parts. 

When the de])th is sufficient the parts are allowed to cool 
slowly. Then the sjiindle is rough-turned to about 0'02,5 inch to 
0-05 inch over-size, and the ends faced to size, and it is ready to 
be reheated and hardened. As all tlfe outside of the part which 
was carbonised has been turned off except at the bearings AB, 
CD, and! the f^ce DE, these alone become hardened. The 
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object of leaving so much on the ends is to make sure tliat the 
carbon does not reach a part to ho machined in a latho after 
the hardening process, and it should not he forgo! ten that 
deep centre holes should ho drilled out before hardening, as 
the spindle is to be hollow. 

In casing the part should he quite clean and free! from oil. 

When hardened steel has to he straightened, iis teinpevai.iro 
.should be rais(‘d as much as possible without drawing the 
temper, and the straightening donci at that heat. 

Generally a little warping takes place, hut the allowance 
givMi should co^'er the distortion in spindles of the length giviai, 
and over 1| inch in diameter. 'I'rial with the particular part, is 
the only way to fix allowances, and once fixed I In; kind of steel 
used should ho adhered to. f 

In grinding hardened work it is best lo use a soda solution 
(not oil), so that the wheel cuts as freely as])ossihle, and to use 
light cuts when within O'OOS inch of siz(' (diami'tral), otherwise 
the surface hardness may he inqjaired (see page 72). 

Specially Accurate Work.— Generally speaking, grinding 
should he the last j)rocess done upon any part required to be 
accurate;; turning and milling operat.ions, and particularly 
key -waying, are apt to distort the material. For ])articularly 
accurate work such as machine tool spindles the linish grinding 
should ho done without removing the part from the centres, as 
there is always a chance of a minute particle of grit in the 
centre holes slightly altering matters. 

Machine Centres. —'L'he centres of the machine must he ke))t 
in good condition; they should he dead hard near the peunts. 
For work smaller at the last diameter than the centre is, it is 
most convenient to use a half centre in the tailstock barrel, so 
that the wheel can be run off the work without being run 
back. Female centres should be used on work (such as twist 
drills) where the centre hole must not ho left, as the finished 
shape is definite as to length, and removing a tit is quicker than 

grinding the material away.until there is no hole. 

« 

Driving the Work. —The carriers used for driving small work 
should he of the balanced type, and should fit the work^'^^rly, 
as any opt-of-balance effect may show itself in the ; for 
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holding finished work cg-rriers drilled and reamed to the size and 
split are useful. A sketch is given in Eig. 89. 

Whi'n tho machine is gear driven there is a chance of the 
teeth producing marks on 
tho work ; to minimise this 
ell'ect a piece of rubber tube 
or leather may bo put round 
the driving pin, or between 
it and the carrier. 

When work is parallel Fk;. sa. —CUrkibr for Fl^'ISHED Work 
from end to end (or parallel 

except that one part is ai)ushlitandtherestisarunningfit)itis 
best to grind the length at. one operation, and then acarrier cannot 
be ])ut on the wo^k, but it is driven from the (md either by a 
running s(| iiare centre or by a S[)ecial dog. For the first method 



Flu. iK).—B rivisg Work for Gfindinq at Dou End (Browne & Siiarre) 


a secondary head is used, in line with the regular dead centre 
work head, but contiiining a live spindle fitted with a square 
centre, and driven from the dead* centre pulley in its rear. 
The angle of tho square centre should fit the hole in the work, 
and for shai poning it, if the angle is 30°, the head should be 
set at an angle of 22° 12'. 
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In Fig. 00 is shown a dog iinungud ,lo drive sliaits so that 
the wlieol may pass over the whole cylindrical surface. Two 
holes have to be drilled (extra operation) in the end of the 
shaft. Two steadies are shown in position. 

Mandrils. -The mandrils for holding hollow work are 
ground to a small taper, so that one end just lits, while the other 
is a very tight lit, and diives the work hy fiiction. Tho correct 
taper depends on the ratio of diaiiieter (o length of the work; 
to meet the generality of work tiny are usually ground to a taper 
of O-OOH inch per foot. The centre holes should he formed and 
the ends recess(al, as shown in Fig. 87 ; the large end shoidd have 
a longo)' I’educed paid than the other end has, so that tiny can 
he at once inserted in the work in the corna't way. The size 
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should he stamped on the reduced ))art So that it cannot he cut 
and effaced hy the work slipping. 

Hollow Work.—Hollow work is best held between cones, 
the ends of the work being bored to the angle ; one cone is 
solid on a mandril, wliidi goes freely through the work, and tho 
othei’ sciews on it and is tightened to tho work. If ceidnMl 
plugs are driven into the work, they may distort it, and the Jirst 
one is difficult to r-eniove. .\ skel,ch illustrating tih(' arrange¬ 
ment is given in Fig. hi, and illustrates a ease v^fliere tho work 
can be ground completely at one operation. 

When the work is thin, for examjile a tube or drum, the cut 
must never he forced ; any appreciable rise of temperature 
distorts the work, which causes untrue grinding, and finally 
loss of time. As soft a who('l as jrossible should bo used. 

AVith an ample water supply the work does not rise in 
temperature appreciably as a whohy and'so does not expand 
lengthways, and it is accordingly customary to clamp the 
tuilstock barrel, since rigidity of the jiarts opposes vibration. 
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The barrel shoulT ’o''.ielease(l and retight.ciKid at intervals, 
so that should there bo slackness between the centres and centre 
holes, it will be corrected by the tailstock spring forcing the 
centnis up to the work. 

The centre holes should always be wip(‘d and both oiled 
before putting the work into the machine : erroi' produced by a 
l)article of gift may not l)e detected mdil ihe })iece is practically 
to size and it is too late to remedy it. 

The tailstock barrel is held up to the work by a spring, 
and jirovision is made for adjusting its tension. When 
])lacmg the work between tlu^ cenl-res, it should b(! ascertained 
that the tension is suitabk^ for the size of tin' work ; a con¬ 
siderable amount is desirable for heavy work, but skmder 
work will stand alight end force only. 

Setting the Stops. —.\fter pul ting the work ladwoen the 
centres the stops are set by running the main slide to till' position 
at wdiicli it is required to reverse, then the levelling lever is 
pushed over until the ti'ip takes place, and the stop moved 
up to ill and clanqied. The line adjustment screw sliould then 
be set out a Uttle further and the I’eversi' tested automatically 
to se(^ that it is correct, and the position linally adjusted. 

Shoulders. -In grinding to a shoulder tlu' rewerse can be 
set close to it, and the wheid biought right, u)) to grind the 
shoulder by hand. If the machiiu! is not litted with a tarry 
motion th.e travel may be occasionally thrown out. at the 
shouhh’r end, while the, work makes two or three revrdutions. 
If it is important that then! should he no slight taper near the 
shoulder due Jo the W'ear of the wheel, the feed at the other end 
of the stroke may he thrown out, so as to throw' Hie wear of the 
wheel upon that side. 

When preparing work in the, lathe the corners may be 
nicked in, as showm at B, C, and D in Fig. H8. It must bo 
remembered, however, that any such nick very considerably 
weakens the shaft. Where strength is the consideration no 
nicking is permissihle, and a radius corner is desirable, parti¬ 
cularly when the value of the stress varies. 

Setting for parallel and Taper Work.— In setting the table 
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tor taper work, or for parallel work after taper, it is lir,st set 
over to the correct position, as shown by the graduations on the 
plate; but this does not secure the correctness of the work, 
partly because of the difficulty of seeing to such degrees of 
accuracy as are aimed at, and partly from the chance of grit 
under the headstock or tailstock affecting the cenlre line posi¬ 
tion. The final appeal must be to Ihe ground work itself, either 
by gauge or measurement by a micrometer, the former being 
best for taper work and the latter for parallel work. In 
adjusting the swivelling screw the amount of movement should 
not be overdone, as th(>re is always a little slack in the fitting, 
and it is (piicker to keei) it in one direction. 

Advantage should be taken of the fact that adjusting the 
taper screw does not move the work in the/neighbourhood of 
the swivel pin much to or fi'om the wheel. , 

Where long work of a j)arliculiir length has to be done at 
intervals a bar of the same length as the work with short 
portions of equal diameters - rather larger than the rest of th(' 
shaft--at each end, is useful for setting the table accurately 
and quickly. 

The Wheel. —The wheel for the particular work is to be 
selected according to the material and shajie of the work, and 
data for facilitating the choice are given on pages 42-K, 
and in Tables VI and VII. A new wheel should be started 
slowly to make sure that it is not excessively out of truth. 

In truing the wheel plenty of water is to be always 
us(‘d on the diamond, and the setting must be exaniim'd 
occasionally. 

The wheel should be trued at the speed at which it is to 
be used ; if the .spindle speed be considerably j’educed, with 
the object of saving the wear of the diamond, the wheel may 
run very slightly out of truth when at the grinding speed. ' 

Speeds and Feeds. —The speed for the work is to be selected 
on the principles given in Chapter III and the data of pages 432, 
433, and the rate of speed df the main sl;do is to bo adjusted 
so that the travel per revolution of the work is from § to | of 
the width of the wheel face. 
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Loading. —Ver}' op jui^ioiially iu grinding mild steel, but more 
frequently in grinding ooi)per and soft bronze, the particles 
of metal become embedded in the wheel surface instead of 
falling fn'c'ly away. The wheel is then said to be loaded, and is 
unable to cut; it is best in such cases to change the wheel, 
but if that is inconvenient the surface should bo redressed, and 
a finer cut used. A high wheel speed lesseirs the tendency. 

I have proved in the chapter on the wheel and the work 
that -there is no definite correct work surface speed, but that 
its best value depends not only upon tbe material of the 
work and wheel, but also upon the diameters of each and 
upon tbe machiTie used, 'thus th(' work speed selected may 
easily la! incorrect and, if it b(! much out, the wheel will 
wear unduly or gJlize ; the speeds and feeds must then be 
corrected. 

Checking the Wear of the Wheel.— If the wheel rvears away 
t(Hj rapidly it is not at first evident unless v(!ry (-xcessive. 
The diameter of the work should be measured and the cross-feed 
reading taken, .\fter the work diameter has been reduced 
somewhat, the amount shoultl be compared with the wheel 
movement as registi!red by the difference of the cross-feed 
readings; tho dillereuco gives the w-ear of wheel diameter, and 
should be very small. 

When the quantity is sullicient for two handlings, the wheel 
wear slunild be ([uite appreciable in the roughing, else the 
grinding wdl take long('r than is necessary ; but if it is too 
great, not only is the wheel wasted, but it becomes untrue, and 
so time is lost. Rapid wheel wear is often accompanied by 
chatter an 1 vKjration ; a want of balance may then bo sus¬ 
pected, as it causes a wheel which is wearing a little to become 
untrue, and then chatter a'id waste commence. 

Th(! most obvious method of checking tho wheel wear is 
to reduce the cross-feed ; experience, however, has shown that 
it is better to reduce the work speed instead, as a better output 
is secured. This is regarded as the best modern practice. 
The correct method,* however, is to reduce the w'ork speed 
considerably more than is sufficient to stop the undue wheel 
wear, and to kicrease the cross-feed correspondingly. This 
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method (see Cliajiter ITI) sf.ops tlie waste, hut docs iio(. sacrifice 
output, as tile }ircvious metliods do. 

Checking Glazing. -When, oii the otihor liaiid, a wheel 
gliwos, the speeds and feeds are to he changed in the opposite 
direction : the work speed raised and the cross-feed reduced, 
which is rendered necessary, as it is here supjiosed tlja-t the 
niachine is already taking its woj’king liorse-poww'. 

When a whi'el face is tliorouglily gla/ed it is dillictdt to 
hreak it up and to restore it to the jiropi^r condition, and it 
is freipienl.ly necessary to re-ti ue it. At the first iiitiination 
that the wliecd is glazing a good cut should he put on by hand 
to check it, and Gien the work speed inci’eased and the feed 
rednci'd. 

If the sp(*ed and feed altej'aiiious do not stop (lie glazing, 
more force must Ik' used pis' inch of wheel face, which is done 
hy reducing the width of the face. The eftVetir'e width may 
he reduced hy decreasing the (,]■a^•erse, hut the wheel face 
then ti'nds to wear convi'x. 

The final resourci; if wheel wear or glazing peisists is to 
cliange the wheel. 

On any particular machine work of small dnimeter should 
run at a slowin' surface sjieed and with a deeper cut than is 
correct for work of moderate diameter ; if the force of the 
cut, is too gri'at a higher velocity and less cross-feed should ho 
employed. When the work is of large diameter, the surface 
sjieed should he liigher and the ci'oss-feed less ; if the cross-feed 
thus becomes undesirably small, a narrower or softer wheel 
(see (diajiter III) must he used. Either alternative will permit 
a heavier cross-feed and a slower work speed Vo he used (see 
(diapter III and page 264). 

After experience with any particular niachine, the correct 
work speeds should he selected without difficulty, as the variation 
of the size of the wheel as it gradually wears down produces 
no great effect. The influence of this factor is discussed in 
the next chapter, as it is of imiiortance in internal work. 

Fig. 199 is drawn to assist the detemination of correct 
work speeds. In it. tho R.l’.M. of the work is plotted against^ 
the ratio of work and wheel diameters by us« of the formula 
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Loading. —Ver}' op jui^ioiially iu grinding mild steel, but more 
frequently in grinding ooi)per and soft bronze, the particles 
of metal become embedded in the wheel surface instead of 
falling fn'c'ly away. The wheel is then said to be loaded, and is 
unable to cut; it is best in such cases to change the wheel, 
but if that is inconvenient the surface should bo redressed, and 
a finer cut used. A high wheel speed lesseirs the tendency. 

I have proved in the chapter on the wheel and the work 
that -there is no definite correct work surface speed, but that 
its best value depends not only upon tbe material of the 
work and wheel, but also upon the diameters of each and 
upon tbe machiTie used, 'thus th(' work speed selected may 
easily la! incorrect and, if it b(! much out, the wheel will 
wear unduly or gJlize ; the speeds and feeds must then be 
corrected. 

Checking the Wear of the Wheel.— If the wheel rvears away 
t(Hj rapidly it is not at first evident unless v(!ry (-xcessive. 
The diameter of the work should be measured and the cross-feed 
reading taken, .\fter the work diameter has been reduced 
somewhat, the amount shoultl be compared with the wheel 
movement as registi!red by the difference of the cross-feed 
readings; tho dillereuco gives the w-ear of wheel diameter, and 
should be very small. 

When the quantity is sullicient for two handlings, the wheel 
wear slunild be ([uite appreciable in the roughing, else the 
grinding wdl take long('r than is necessary ; but if it is too 
great, not only is the wheel wasted, but it becomes untrue, and 
so time is lost. Rapid wheel wear is often accompanied by 
chatter an 1 vKjration ; a want of balance may then bo sus¬ 
pected, as it causes a wheel which is wearing a little to become 
untrue, and then chatter a'id waste commence. 

Th(! most obvious method of checking tho wheel wear is 
to reduce the cross-feed ; experience, however, has shown that 
it is better to reduce the work speed instead, as a better output 
is secured. This is regarded as the best modern practice. 
The correct method,* however, is to reduce the w'ork speed 
considerably more than is sufficient to stop the undue wheel 
wear, and to kicrease the cross-feed correspondingly. This 
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tiiuu t.hiiu cITiic-ir. ilic ]in'A ioiisly iiiiidc. Wliat is 
k) be iiiiiK'd id' is ii skady coiidilidii wliieli can be imiiiikiined 
ill till' face of miavoidable siiiidl vaiiatioiis, iiiid not a condition 
of grinding a few paifs in the niiiiininin tiiiie witli tla' maxiniuiii 
stress on the niacliine and oja'iiitor. 'riio most satisfactory 
adjustment of the cross-feed is to lmv(‘ it on the low side; it can 
be increased by band,id any fiine wbentlie work is lieingdone, 
easily. 

The Wilier supply inusf be directed rigid' on to tlie work at 
the grinding point, and llie Ilow must beslciidy, as irregularities 
in it may ciiuse irregularities in ilie work. 

Errors of Roundness. —Troubles may occur eitber in the 
iiccnracy of the work sbajie or in ilie ipiality of its surface. 
The former takes the sluijie of want id' romtdness of ilio work. 
This is oceasiomilly, but seldom, due to an iiiisuitiibk'wbeel. and 
the cause is generally to be found in tlu' work itself. 

Jf the error is at tlie ends of the work the contn'S or centre- 
holes are to be suspcci'cd ; if at Ilie centre then ii beat or re¬ 
leased strain elt'ect. Jn tb(' former case, it should lirst be noted 
whet'hei’ the centres are light up to the metal of the work; 
if they are not this should be rectilied. and another trial made. 
If they are, the work should be t'akeii out ami the centre 
holes carefully wiped and oiled,and it should bo seen that their 
shape is correct, as in ]‘’ig. B7 ; another trial should then bo 
made. If the centres themselvi's are worn, lliey must bo 
reground. 

Such trouble may also bo due to want of balance in the work 
or carrier. If this is the case the work should bo balanced 
and the carrier changed, but t'bo elTect may b' considerably 
lessoned by rod.ucing l.he work speed, us want-of-balanco effects 
vary with the square of the speed. 

In the second case—where the trouble is duo to heat effects 
—attention should bo given to the water su])j)ly, and the rate 
of grinding should bo reduced, if the cause, however, is the 
release of internal stress, nothing can be done except mildly to 
anneal the material. 

If the work is not a straight parallel or straight taper, 
the defect is in the main ways of the machine,, or may be due 
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to forcing; the ratj <:,l wiirk. It is easily ascertained whether 
the lattei’ is the cas(! by tiikiug inoro time in llnishing. In work 
whicli is not too stiff this want of straightness can be lorrected 
by nianiimlation of tlie steadies; when the work is too stiff 
the only nietliod is to let the wlieel traverse over the high 
parts and so reduce them. A))preciable error due to want of 
truth in the main ways sliould, liowever, never occur. 

Vibration and Chatter.—The most serious defect of quality 
of surface is due to dial ter, which causes a scries of small 
Hats on the work. This is due to vibration, which may arise 
from seviu'al causes. 

The wheel spindle belt runs at a high speed, and a heavy 
lacing or fastener is quite sufficient to originate the vibration; 
the belt should ])i'^ferably be an endle-s one, or if not, the 
lacing should be either a belt lace (without large knots) or 
rise of the wire hook tyjie. The belt may oscillate as it runs; 
if this happens it is probably due to insufficient tension in it, 
and the belt should be taken up. 

The wheel s]hndle should run very nearly metal to metal 
with its bearings, and in satisfactory running the bearings are 
quite warm, and the motion of the spindle smoot h. The correct 
adjustment of the bearings is best ascertained by their 
lemperatuie risi‘, so that those hearings which can bo adjusted 
while the machine is running, or at any rate immediately 
the s])indlo is stiqiped, are the most convenient. To inoduce 
a very lini' surface on tfie work the bearings should lain hotter 
than is necessaay for ordinaiy work; they will not, however, 
have so long a life when set up closely. Jf, after these points 
have been r ttemleil to, the wheel head vibral i'S when the spindle 
is run without doing work, the wheel is out of balance. It 
should be trued and tried again, and if still out must be re¬ 
balanced. Occasionally wheels are so much out as to be 
unusable. If the work progresses satisfactorily for some time, 
and then chatter gradually begins and a kind of rumbhng 
noise, due ultimately to irregularities in the wheel face, sets in, 
the depth of cut or the work speed Is too great, or the wheel 
too soft. Immediately this occurs the work should be stopped 
and the wheel, ijs it will have lost its true shape, redressed, 

<J2 
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taking a fairly good cut over it: tlie work speed or cross speed 
should he reduced, and a fresh start made slowly so as to get 
rid of the marks on the work. 

Vibrations set up in a machme from any cause, travel all 
over it, both through the body of metal and along surfaces, and 
are retleeted from junctions or at variations of the section. 
In a thick, heavy section the vibration may not bo apparent, 
as the movement will be so little, but the conveyed energy 
may make a slightei' part vibrato conspicuously. Waves 
travel to and fro, and may reinforce or anniliilato the effect of 
one another ; it is only when the former occurs that the, effect 
becomes conspicuous. The velocity with which a wave travels 
is mdeponclent of its size (amplitude), so that by varying the 
rate of the production of waves, the result moy be very dilTeront, 
and very little difference may be necessary to prevent effects 
accumulating. Accordingly a simple change of work speed 
may be ofl'ectivo in sto))])ing chatter. 

As regards the work’s part, marks may be duo to irregularities 
in the diive if a dead centre gear is used. To prevent this, 
the driving pin may be cushioned by a bit of leather oi' rubber. 
The dead centre gear tooth should be spiral, but of not too 
acute an angle. Worm drives also may cause marks on the 
work. In either case, as a preventative measure, the teeth 
should be numerous. Probably the chief cause of chatter is 
vibration of the work itself, or the supjiorling centres, under 
the forced vibration of a heavy, irregular cut. The object 
of steadies is to prevent this, and whenevei' the work is of 
such dimensions as to render it likely that vibration w'ill occur, 
they should be used. While a steady may permit a short, fairly 
stiff piece of work to be groimd a little more quickly than it, 
can bo without one, the time of setting up and using the steady 
is to be taken into account, so that for small .and moderate 
quantities steadies are not much used except whore there is a 
suspicion of chatter. This is chiefly due to the continual atten¬ 
tion and adjustment the present designs of steady necessitate, 
and which are not reqrfired by an avtomatic steady. The 
value of the use of steadies increases with the length of the work 
and also with the quantities ground at a time., The action of a 
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steady consists in resisting vibratory motion of the work at the 
point of application of the steady blocks. If the steady block is 
held in contact with the work positively, by means of a screw 
or otherwise, the steady itself will have to spring if the work 
is to vibrato there. If it is held up into contact by a spring, 
the work is strained by the force of tho spring and the vibration 
time greatly quickened, and the amplitude (amount) reduced ; 
in the latter case there is always contact, and the blocks should 
be metallic, while in tho former case unless the steady is con¬ 
stantly attended to there may be slack, and to prevent this 
wood l)locks are used which yield (dastically, and so take up 
small amounts of slack, for large quantities of repetition 
work steady shoes of lianhuiod steed are the best; they must, 
how(!ver. be accuri^tidy made. In those cases dead stops to 
the steady movement are very convenient. 

Steadying by Straining. Grinding Springing Work. —Between 
the steadies the work is fi'eo to vibrati', considered as fixed 
wh('r() st(!adied. 'I'Ik! ])eriod of vibration is tlu'n very much 
shorier than that of tlu^ work as a whole, and the amplitude 
correspondingly reduced. Usually this checking of the vibra¬ 
tion is sufficient, but in the case of thin work it is not so, and 
cliatter marks occur between the steadies, though they are 
abs('nt near them. In this case the period of vibration of 
these intennediato parts can be shortened by springing the bar 
so that it is bent into an arc. If a thin bar be placed between 
tho centres and struck with tho hanil in the centre, it springs 
and vibrates ('asily. If then steadies (say two) be placed along 
it and set up to it, it will bo found that an equal blow is resisted 
much mo/o S(tlidly, and the rod vibrates through a much less 
distance—tho vibrations are much faster and die out more 
quickly. Now adjust th.i steadies so as to spring the bar 
upwards, and it will be felt that the resistance to a downward 
blow is again considerably increased and the vibration effects 
diminished. This is the state to bo aimed at when long, thin 
bars are to be ground. If vibration occurs between the steadies, 
they are adjusted to*spring the bar, until it feels nearly rigid 
at the intermediate points. The lower shoe of the steady should 
get well round Uie work, as at M in Fig. 60, for example. 
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When grovind so sprung the section at a.ny point will be 
circular and the bar straight (if jireviously free from internal 
stress) when released. 'I.'o grind it paralhl iihe steadies must 
bo manipulated. In springing ihe bar it should bo .s])rung 
nearly vi-rlically upwards, but slightly outwards aavay from 
the wlietd, and to elT(‘ct this the lower shoe must reach beyond 
the centre. This is shown in Fig. tl2, where A is the section 
of work near tho cantre. and thi' broken circle I! indicates the 

section of the bar when 
it is sprung. Places 
should be ground for the 
steady blocks before ap- 
jilying them. On start¬ 
ing t/» grind the ends 
alone are gi'oumi llrst, as 
the e.lTect of the steadies 
has been to draw the bar 
away from the Mheel, and 
the bar is then larger at 
tho centre than at, the' 
emts; the st(‘adies are 
then adjustral as tlar 
grinding proceeds so as 
to push the bar into tho 
wheel—as shown at (! in 
T’ig. 1)2 - and to giind it 
there to tho same diamo- 
ter as it has at t,ho ends. Th(! dinmotor of the bar at its 
ends is then obtained by the use of tho cross-/(*ed, the table 
having previously been set, parallel so that tho two (uids are 
the same ; t.he diameter is made the Sirrne at each st(>ady by 
using the adjustment, which moves tho blocks towards the wheel, 
AVhon these diameters are correct, those at intermediate points 
along the bar will be tho same within insignificant amounts. 
Thus the bar is first sprung up in tho direction I’Q and 
then pushed in towards <tlio wherd alojig tho line RS. The 
direction PQ should be slightly away from tho vertical: that 
of RS is not of importance. 
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steady consists in resisting vibratory motion of the work at the 
point of application of the steady blocks. If the steady block is 
held in contact with the work positively, by means of a screw 
or otherwise, the steady itself will have to spring if the work 
is to vibrato there. If it is held up into contact by a spring, 
the work is strained by the force of tho spring and the vibration 
time greatly quickened, and the amplitude (amount) reduced ; 
in the latter case there is always contact, and the blocks should 
be metallic, while in tho former case unless the steady is con¬ 
stantly attended to there may be slack, and to prevent this 
wood l)locks are used which yield (dastically, and so take up 
small amounts of slack, for large quantities of repetition 
work steady shoes of lianhuiod steed are the best; they must, 
how(!ver. be accuri^tidy made. In those cases dead stops to 
the steady movement are very convenient. 

Steadying by Straining. Grinding Springing Work. —Between 
the steadies the work is fi'eo to vibrati', considered as fixed 
wh('r() st(!adied. 'I'Ik! ])eriod of vibration is tlu'n very much 
shorier than that of tlu^ work as a whole, and the amplitude 
correspondingly reduced. Usually this checking of the vibra¬ 
tion is sufficient, but in the case of thin work it is not so, and 
cliatter marks occur between the steadies, though they are 
abs('nt near them. In this case the period of vibration of 
these intennediato parts can be shortened by springing the bar 
so that it is bent into an arc. If a thin bar be placed between 
tho centres and struck with tho hanil in the centre, it springs 
and vibrates ('asily. If then steadies (say two) be placed along 
it and set up to it, it will bo found that an equal blow is resisted 
much mo/o S(tlidly, and the rod vibrates through a much less 
distance—tho vibrations are much faster and die out more 
quickly. Now adjust th.i steadies so as to spring the bar 
upwards, and it will be felt that the resistance to a downward 
blow is again considerably increased and the vibration effects 
diminished. This is the state to bo aimed at when long, thin 
bars are to be ground. If vibration occurs between the steadies, 
they are adjusted to*spring the bar, until it feels nearly rigid 
at the intermediate points. The lower shoe of the steady should 
get well round Uie work, as at M in Fig. 60, for example. 
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throw !«]jns(immt and dividing plate is gear driven from the 
splined shaft si'en in front. The other liead is driven from 
this shaft, an adjustment being provided in the gearing for 
setting the heads in unison. 

The pin of a crank shafl. is an example of ‘ form grinding.’ 
A wherd tlie width of the pin, shaped to tlie required radius 
at the corners, shoidd bo used and h'd directly into the work. 
If the wheel is rather less in width the corners are not ground 
so easily, as they produce considerable side-thrust on the wheel. 
To reach down l.he webs to the pin in mnlti])le throw cranks 
requires a very large whe<d, even when the collet holds it I)y 
recesses so that tla^ collet and its flange lie lutween the side 
surfaces of the wheel, and machines have usually to lx* specially 
fitted to giv(' the correct s])e(‘ds to the sii#'. If possible the 
wIksIs for particular shape ])ins shoidd be used for them only, 
and kept mounted in their collets, for In alter the radii, and 
('S]ii'cial!y to turn the wheel tlal, right across, is most wasteful. 
Theroundness of crank pins can be tested by la.pjiing rvith a half 
lap or bearing: for other parts a half lap is suflicient for 
testing the roundness and remoiing the cut marks from the 
surface, though a complete lap such as is shown in Eig. 187, 
jiago 334 is advisable—if it can be used—in order to obtain 
the best results. Unless the marks of t.hc grinding cut are 
removed by a lap or smool.b emery cloth the small sharp 
ridges may damage the bearing. 

To true the wheel and form the, round comers accurately 
the motion of the diamond tool must be coni,rolled by a special 
jig. Such a radius truer is shown in Pig. 94, and is that titt.ed to 
the crank shaft grinding machines of Messrs. Churchill. It is 
arranged l-o bolt on the top of one of the steadies. Here the 
diamond A is carried on the pivoted arm B and moved by the 
handle C. so that its point describes a circle about the axis T)E 
of the pivot. To enable it. t,o be set at the correct distance 
from this axis Bkl, the arm B is hollow', and a stepped gauge 
P can bo pushed along the axis BE until the step of the desired 
radius comes opposite the diamond A, which is then adjusted 
by moans of the screw G just to touch the gauge surface. The 
amount of angular movement of the diamond^and lever 0 is 
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limited by stops r.t tl. so that the corners of the wheel and its 
face can be dressed by continuous mov(‘ment of the diamond, 
as is indicated by the broken line KLM indicating the wheel. 



Q’be litiing of the radius truer to the steady is shown at N. 
Ideally the diamond should w'ork level with the work centre, 
but the error involved in the small displacement shown 
insignificant owing to the large diafheter of the wheel used. 

The section of table adopted by Messrs. Churchill, the 
mode of clamping the steadies to the table, and the method of 
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adjusting tlii! stc'ady slwes, arc clearly shown in this illustration. 
The steady shoes J’, (h aro a.djusted ])ositivoly forwards and 
ujiwards respectively liy meaiiis of the screws E and S, and 
no springs are used. 

P’ig. ‘J5 shows a cranh shaft in a, Jiandis (.'rank Shaft Grinder, 
and the radius truer in position for work. 


After ohtaining satisfactory accuracy and llnish, output 
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is to he looked for. If it is evident from th(' I'anning of the 
hells that the machine is taking as much j)ower as they can 
sujiply, the only way to increase the out[)ut is to use a softer 
or coarser win cl, so that the same amount of power will remove 
the material more rai)idly. If the wIks'I he changed for a 
softer one, the work surface speed should h(! reduced and the 
depth of cut increased at the same time, but after some experi¬ 
ence the correct wheel will probably bo sn-lectcd. If the belts 
are not delivering as much power as they can he expected to, 
ihi’ work speed should he reduced and the ciituncrcased but 
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limitaliions as t,o ar-anacy and quality of surface must bo 
bnrno in mind. Such trials take some time, for the results 
of small ebari^'cs to improve, matters already good are only 
slowly apparent; bonce for small (piantities it is not economical 
to bo ovoi'-anxious to make the actual grinding time the 
minimum, as the changes may easily run u]) the gross time 
taken, so that the n(‘t result of this is a loss. 

Repetition Work. —In (piaidily work (say fifties or more 
according to the size) it is best to ])ut the parts through the 
machine t wice, for rough and finish grinding, and the best speeds 
shouhl bo ascertained. 

Where each ojreration is done (piickly, two or more carriers 
should be used : while one piece is being ground the piece 
previously giouniF is checked for size, and if correct, the 
caiiier renioveil |.o an nnground ]iiece, and the centre holes 
cleaned and oiled ready tortile machine. Wlii'ii the cross-fec'd 
h.is been automatically thrown out on the (lart being ground, 
two or three more reverses (always the same number) should 
be allowed before stopiiing the work. The wheel should 
never be sf.ojiped unless it is necessary. 

The wheel is then run back one or two conqileto turns 
of the cross-fe(‘d wheel, the work I’emoved without measure¬ 
ment, and the next piece put between the centres and started. 
The wdieel is then brought, ra)ndly up to the work until the 
position cori'esponding to tho maximum grinding allowance 
is reached, when it is moved more slowly. One advantage 
of a rougii lathe linish is that the cut of the wheel shows 
when tic tops of the ridges are touched, and when considerably 
more feeii caif be well pul. on without damage to work or wheel. 
The automatic cross-feed is tlnui I tirown in and the piece left 
to the machine. 

If when measuring tho piece, after removing it from tho 
machine, it is large owmg to tho wear of the wheel, the cross- 
feed is adjusted by the compensation device, one movement 
of which usually corresponds to 0'0()025 inch reduction on tlie 
diameter. In rougMng the piece need not bo returned to the 
machine, and in linishing it should not occur. Usually small 
pieces should be rough ground to within 1 to 1| thousandths 
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of a inch of finished si?o : this will be sufficient to enable them 
to ho finished with certainty. 

If the grinding is clo.so to size, and the wheel can be run off 
the work at the tailstock end, it need not bo run back for 
linish griniling; and if tho wheel is correct a considerable 
amount—say a square ,yard. but it differs with tho grit and grade 
of the wheel—of work surface should be iinishod without 
readjustment. 

Time Required. —Tho question of how long should be 
allowed for tho grinding of a piece of work deiionds on tho 
particular work, on tho'iinish recpiired, very greatly on the 
({uantitv to bo done, on tho niachiiK', anil on its operator. [ 
have devised Gie following formula which will enable reasonable 
times for jilain, straightforward woik In be^apidly estimated. 
It is iut.ondod for ipiantities of from Iff fo 20, and for normal 
.skill in using the machine, and includes the time for setting up, 
measuring, truing thi' wheel, and (o give a rate which can be 
maintaini'd all day. This is the kind of estimate which I 
beliiw e to be of most interest. The allowance for grinding is 
supiKised to be 0-()2() lo ()-025 inch on the work diameter. 

If (J be the work diameter a,nd / the length, in inches, of the 
portion to be ground, then the time in niinuti'S is— 

where his a factor dependent on the quality of the work and on 
the machine, for a machine such as ifessrs. Grown & Sharpe’s 
No. 2 Lniversal the valui'S of k would be J for running fits and | 
for push tits. For more jiowerful nuichines tho factor wmdd 
be reduced—to about 0'4 and O’.'i.') respectively for machines 
using wheels of 2-inch face. i 

If the wmrk is to be ground for a finish only and not to a 
limit size, two-thirds of the time derived from tho above 
formula should be allowed. 

The formula is based on the following considerations. The 
projiosifion is to grind so much oft the surface and to give 
a cerf.ain finish to it. Now' slender pieces of work cannot 
sustain so great a force at the grinding point as stiffer pieces can, 
and to allow for this, wo may consider the effective diameter to 
be d -f- X instead of x: and as short pieces take relatively a 
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little longer than 'argor parts, except when ‘ formed,’ wo 
may take the length as 1 + j/ instead of 1. Now the time taken 
on both roughing-out and llnishing will depend on the product 
of these, which is (d + x)(l + y) or dl + xl + yd + xy. The 
formula must bo very simple to he of any use, and of the simple 
numbers practice makes 2 as the most nearly correct figure for 
X and y —so that the tinu! is proportional to dl + 21 2d + 4— 
and we may neglect the number 4 for simplicity, arriving at 
the exprt'ssion — 

k({dl l-l-hd). 

The values given lor h are from practice, and suitable lor the 
purposes nanu'd above. 

Tile time taken in the actual grinding is very much le.ss, and 
it can be greatly jL'duced if the (|uantities are large. In con- 
trastmg the, times di'rived from this formula with those done 
as’ exhibition’ times, or with those resulting from continuous 
experience in grinding one article, this must be borne in mind. 

A collection of ‘ times ’ taken on a variety of work is given 
on ]).iges 41H-21. Tlu'se ari' selected from a quantity of data 
kindly furnished by Messrs, lirown & tiharpe and the Landis 
'J’ool Co. Tliey represent the result of considerable experience 
in the ]ia.rtic.ular jiiece of work, and such times must not he 
expi'c.ted to b(‘ obtained without it. h'or xaryiug work the 
tiini'S given liy the above formula will be found to be reasonable 
over a wide range of diameter and length. 

Costs. —The cost of grinding must be t.aken as inclu¬ 
ding the c,) 3 t of till' wheel material and power used as well as 
tho labour charge, and this apart from dead expenses and 
ostahlislrnen* charges. Thij wheel cost in external grinding 
depends greatly on the management of the grinding; in 
roughing-out tho wheel should wear, otherwise it will be found 
ihat the labour and power charges will be high, but it should not 
wear away too rapidly and waste. No lixod rules can be given, 
for the ratio of wheel and power cost to labour cost should 
evidently depend on tho size of the machine, the larger machines 
taking tho greater •power and using wheel substance more 
rapidly. 

The cost oi the power is usually—one might say invariably 
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—negloctcd. It is difficult to ascwlfiin, but a grinding maclnnc 
requires so iniicli more jwwer than most niacliino tools of similar 
capacity that it should Ijo debited with the cost, or part at 
least. Taking powei- at li. [)er electrical unit, a h.p. hour will 
cost OffiSd. If wi' take a machine using 5 h.p. for half the time 
(that is, it takes 5 h p. while roughing-out and veiy little the 
I'est of i.lje time), this th('n is about a (|uarter of the aa'iirage 
rate paid for labour. With soft wheels Gk^ wheel cost is 
greater than with hard wheels, but at tlu! same time the 
power re(]uired is h'SS. Hence work can be done faster on 
a given machine with soft wheels; this lessens the labour 
chai’g(', which is the highest charge. Soft wheels, llmrefore, 
provided that they are run in a manner which does not waste 
them, prow on the whole economical. 
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[NTERNAT. (IKINI)IN(I MACILINES AND WORK 

(..'ausks, siuliliir to tliosi! which liiivc ]tlacc(l the jilaiii grinder 
in tlic niauufactnving shops, liavc more recently led to the 
develo|)men( of inleiiial "rinding niachine.s. The progress 
made is slower, as the cpianlily of worh is less, and the process 
mole (liflicnll. 

Economic Production of Accurate Holes. - h’or the accurate 
sising of holi'S in hal^lened metal the int.ernal grinder is necessary, 
and from tliis its scope has giadnally extended. In the softer 
metals small Doles can he sized within very close limits, and 
inexpensively hy the use of learners. As tlie diameti'r of the 
hole increases the cost of the reamer increases very rapidly, 
a.nd (he nnmher id' holes representing the life, simultaneously 
diminishes, since the miniher of teeth cannot he increased 
in propoition to the diameter; so that as the dianieter in¬ 
creases, the advantages of grinding gradually make themselves 
felt. With the high tension steels the life of a reamer is 
shortened—-in some cases to only a. few holes—so that hei'c 
reaming is exjienshe, although it follows in tiuin with the 
preceding lathe operafious. liroaching. where the ijuantitii'S 
arc large, enough to warrant the expense of the tools, is satis¬ 
factory O' the high I.errsion steels: hoth hroa.clrirrg and grinding 
rnearr a secontl ojieration, tiansfi'ii'ing the work to airotlrer 
rriachirro. Tor blitrd or slightly taper' lioles of accruate dianieter, 
grinding usually ollei'S coii.iidei'ahle advantages. 

Two Types—corresponding to Lathes and Boring Machines. 
—Internal (Irindiug Machines are divided by their general 
arrangement into two classes—corresponding to lathes and 
boi'iiig machines respectively—whicli have received the titles 
of Internal (jrinders*aiid Cylinder (iriuders. In tho former 
the work rotates, while in the latter it does not, although 
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it may receive the vravol movement, and have other adjust¬ 
ments!. When the work is unwieldy or very larRe, the second 
class are advantageous, but for other work the lathe type is 
usually the better, and on thcmi taper work is easily done, 
while it is impossible on the usual machines of the other type. 

The arrangements of the parl.s in Internal Grinders may 
be mado in a variety of ways—either the work or the wheel 
heiKl traversing—iind either of them receiving the cross-feed 
movement, the various arrangements having their particular 
advantages. 

Internal Grinders. Travelling Work.— In Idg. tio is shown 
idessrs. (imrcliills’ Internal Grinder, in which machine the 
work I'cceives the travelling motion, and the wheel head the 
cross-feed adjustmAit; and in Fig. hH is shown tlie Jjandis 
Internal (irinder, in wliich tlio wheid head i'cceives both the 
travelling motion and the cross-feed aaljustnient—as in their 
Plain Grinders. In some machines (Jlessrs. 11. \V. Wards’ 
for example), the wheel head receives the travelling motion, 
and the work the cross-feed. In Fig. '.hi the work head / can 
swhel on its hasi- ;/ through a. large angle, and work of any 
taper cari he ground. The whole head can ho adjusted to 
any convenient position along the table Ji, which also carries 
the three-pin steady j, and which receives the line adjustment 
for the taper by means of the handle It. The main slide I i.s 
provided w’th stops a, a and with a traversing and reversing 
mochanisiu, the same as that fitted to the Plain Grinders of 
the same hrm. This machine is also fitted wdth their change- 
speed g«o box, of which the handle changes the rate of 
revolution of tllfi work, and the handle n controls, independently, 
the rate of travel of the main slide, while the handle p stops 
both motions simultaneously. The arrangement of the drive 
is shown in l''ig. 97. The fast and loose pulleys A and B are 
on the first motion shaft CD, which drives the speed counter 
head E on the cross slide by the large pulley E ; the pump, 
when wet attachments are fitted, by the pulley G, and the change- 
speed box by the pulley H. The power is received at the 
change-speed box by the pulley K; the main slide is driven 
by the shaft L, and the work driven from the final pulley M 
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of tbc cliange-siieed )iox. Tliit; pulloy, M drives tiio pulley N 
oil the drum shaft I’l', and so the work spindle jiulley Q. Tho 
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machine, and atl.mi; jn should he iiaid to the hrid<i;ing of the 
cross slide ways ovei' the niain sliih' and tahh-; this is the most 
rigid method of su])])Oi ting the cross slide, and at the s,line time 
it aids the |)rotection of t he parts. The device of mounting a 
secondary counter head on the cross slide is, it will he noticed, 
practically invariahle jiractice ; the belt to the cross slide llu'n 
doi’S not run at the very high sjieeil at which it is desirahle that 
the internal spiiidh- belt should run, so that the construction 
avoids the r ihralions which Ilu-se high-speed belts are wont to 
Set up will'll they are long. 

Travelling Wheel Type. - The handisJiiterual(irinder.l''ig.‘,)S, 
corresjionds closely to the lines of their Plain machines: here 
the worl; head .\ swivels on the base 11, which is integral with the 
tahh' JlC.and not. adjustable along it. Thi' line adjustmelil lor 
the taper is obtained by swivelling the wliide table IJC by the 
sciew D. The graduations are clearly seen here, on the vertical 
edge id I he t able. '1 he t ra \ el se mol ion, |iow er I'l. and hand /, 
the lops mu', the friction gearchange speed (i. and the cross¬ 
feed details 11 are I he same as on I he Plain (irindeis : the wheel 
slide has end covers K instead of the roller jirolection, as the 
.strobe is short. The driving arrangements are similar to the 
Landis I niversal Machine (page 272). 

The machine is lilted for wet. grinding, the siijiply being 
through the iiozule Jj ; the pump and laidis are .seen in the 
foreground This machine is tilted with a split chuck operated 
pnenmalii ally. The compressed air is conveyed to the machine 
throng'll the piping NX. 

Dry and ^ei Grinding.— 'ITiere are many advocates of 
dry internal gnudiiig as opjiosed t.o wet, and some fhink 
that a small ijiiaidily of water is satisfactory. E\ce{)t for 
small holes I advocate wet grinding, with an ample sup]ily 
of water directed on In the cutting point, as is usual in 
external work, and consider that the water sujiply must be 
so cfficii'iit as to keep the wheel ijuito clean, or that there 
should he none, an(J the work ground dry. When the 
amount to he ground out is large, it i.s sometimes best to rough 
out dry and unish wet, so as to eliminate temjiorature errors; 

B 2 
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when the work is ground dry for sake of qnickiioss it must be 
cook'd iH'fore iinisliing, as tin' (ixpjinsion of the diameter duo to 
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contraction of diaoiotijr, so that oven with large grinding 
allowances there is no certain gain to rough out dry and finish 
wet. When the hole is practically to size the water may be 
turned off, or very nearly so ; the wheel tlum tends to i-etain the 
loose abrasion particles and to glaze, and so gives a smooth 
finish to the work surface. In dry grinding a spot of oil on the 
wheel in the final finishing will produce tho same effect. 

'I'he waf.er pipe should he canlod down the spindle on the 
side farthest fiom the grinding point and then brought over 
and direcled on to the woi'k, so as to flow to tho place of wheel 
contact. It is usually carried down on fli(i same side of the 
spindle as the giinding lakes place upon, hut the water does 
not then j'eacli the grinding area ))roperIy owing to the wind 
from the wheel. ^ 

The water may he fed over the outside of tho work, hut 
this does not nieef, the case effectively if tho work is thick or 
irregular in shape, and is useless if tho ground surface is to bo 
dead hard, since flic heat is not carried off before it has time to 
affect the hoily of the work, as it is when the water is supplied 
at the grinding point. Vurther, a small (puintity of water is 
liahk' to g(‘t on to the wheel as it comes just out of tho work at 
file reverse, and Ibis spoils its culting properties. 

fn my (h'sign (see h’ig. lift) ample provision is made for the 
use of waiei’, which is carried down a |)assage in tho eccentric 
sleeve and deliviTod on to the work by a nozzle, as illustrated in 
Fig. 41$. The nozzle is visible at A, Fig. 09, and the wheel B is 
.S('en to ho plact'd eccentrically with regard to the sleeve (I 
The guard 1) is carried on tho machino body, and tho guard E 
on the m lin sWo; these move telo.scopically while grinding is 
going on, and on running the work back make an open space 
for gauging conveniently 

The Cylinder Grinder.^ —Turning now to tiylinder Grinders, 
which correspond to boring or drilling machines, we see that 
the woi k doi'S not rotate, and that the wheel spindle, in addition 
to its ow'n rapid rotation, must at the same time be carried round 
another axis (correspdhding to that *of tho boring bar or drill), 
so that the envelope of the wheel (i.o. tho curve which it always 
touches) is a circle—^namely, the section of the hole being ground 
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out. Also some eonvonienl means must bo aiTaiiged wlioroby 
Ibo size of this oirclo can bo increased littli- by little, and so the 
cut of the rvbeid put on and the hole {'round to siz('. This action 
is shown in b’ip;. 101), when'thi‘{'rind in,y wheel spindle A. rot at inf; 
rapidly on its own a,\is, is itself carried round ihe main axis ]!, 



I''bi. in.—(li KsT Inteumi, (liaxjiiiii. Ja"]o' 

f 

SO that the wheel taki's succasssively the positions indicated by 
the cii'cies (’, t', C. These all t.ouch the insider of the circle 
1)1', whose ciMitre is at ]!, and this circle nipreseuls theludo 
which is beinf; {'round out. If thi' distance EA is increased, as 
is .-.hown at' EE, the diameter of t.hc corresponding cii'ch* J<’h' 
is increased ; this increaS(kof the distamv EA then puts on the 
cut and increases the size of the hole ground. It also com])en- 
sates for t.he wear of the wTieel and for dil'torcnt sizes of wheels- 
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and holos genenilly. Thus it corresponds to the cross-food of 
an internal grinding machine. 

Usually the wlioel used in grinding a hole bears a larger 
ratio to tlie diameter lhan tliat shown in Eig. 100 ; but it is 
drawn small in tliis ligure, partly for the sake of clearness, 
hut also to indicatii how some llxed extccnal cylindrical work, 
sindi iis locomotive connecting rod pins, may be ground in 



position. The successive circles C, Ik C showing the positions 
of the wheel in its motion round the axis li, not oidy touch 
tins inside of the circle DDD, hut also touch the outside of the 
smaller circle, which thus n'presents a lixed pin ground exter¬ 
nally ill a machine of this nature. 

Constructionally the rotation round the axis B is obtained 
by carrying the whole mechanism^ in bearings concentric with 
B—the wheel, its spmdle, and pulley are all carried by the main 
spindle whose axis is B, as is also the mechanism for varying 
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the distance AB. The usual construction is indicated in Pig. 101. 
Here A is the axis, and BCD the bearing of tlio main spindle. 
This main spindle is bored eccentrically for the second spindle 
EF6, whose centre is at H, so that the eccentricity is HA. This 
second spindle is also bored eccentrically at KLM to take the 
wheel spindle and its hearings, whose axis is at N, so that this 
second eccentricity is HN. By rotating the second spindle 



LT'O inside the first, BCD, the axis N of the wlp^'l spindle is 
made to move round the broken circle t^NAP, whose centre 
is H and radius HN ; thus the distance AN changes as this 
I’otation is made. Usually HN is made the same as HA, so 
that N ]>ass(>s through A as it travels lound the circle NAl’Q, 
and its greatest distance from A is then twice HA. 

As th(' main spindle rovolvc's, the wheel siiindli' N is cairiod 
round the circle NES, thej-eby grinding ^the hole as already 
desciibed j and the cut is put on by altering the radius AN of 
thi.s cii'cle, by turning the spindle PPG relatively to the main 
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spindle; and praeticully it is necessary to make this adjustment 
while the two rotations are taking place. This construction 
is simple and rigid : to make it convenient a mechanism must 
be added whereby the second spindle can b(‘ rotated inside the 
main spindle, while tlie latter itself is rotating, and while the 
spindle N is also rotating. Huch a mechanism and the details 
of the whole arrangement are shown in Fig. 102, which is a 
drawing of the head of Messrs. Ilealds’ cylinder grinder, of 
which Fig. lOd gives a geiKsal view. 

The main spindh? AAA' revolves in the bearings BB', 
CO', whicdi are of the capped type, as can he seen in Pig. 103, 
and are luhi'icahid by felt ])ads as shown at ]), 1)'. The end 
thrust is taken ovei' the real' hearing 00' between the Hanged 
end A' of the niaiy spindle itself and the driving gear wheel E, 
which is adjusted by the nut F. The gear wheel E, which is 
keyeil to the spindle, is driven by the pinion (! which derives 
its power from the pulley II. while a band wlusd H' serves for 
turning it by haiid. Tbe second spindle .).) is lilted eccentrically 
in the sjiindle AA ; the front bearing consisting of a taper hole 
KK in tb(' siiindle A;V itsdf. and tbe rear bearing is parallel, 
the bnsh ijL being tajier on the outside, and adjirsted by the 
nut M. The end adjuslnietit is by means of the nuts NN', 
whih' tlie nut F at the front end of the spindle, besides taking 
the end thrust, secures the correct lilting at the front taper 
hearing KK. 

This si'Cond spindle .1.1 carries—eccentrically--ii,t the front 
end the sleeve Qt,) of the internal gritiding spindle, and at the 
rear raid the rear binning li of this sjiindle. The sleeve QQ 
is litt.od te thai.second sjiindlo <IJ b\ a taper seat. The internal 
grinding s])indle SjS.Sa is very long and is jirovided with three 
journals—at S, near the wheel. Sj in the rear of the sleeve QQ, 
and Bs tit the hotiring B in the rear of the second spindle .TJ. 
The construction of these bearings and the fittings of tlii' 
sjtindle generally tiro easily underst.ood from the drawing, and 
may bo compared with Fig. 42, psige 137, which illust rates a 
simpler spindle by tke same linn.* 

The rotation of the spindle .1.1 within the spindle AA—by 
which the feed qf the wheel is controlled—is effected by means 




Fn;. 10: 
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of a worm wliopl 1 io tho sj)in<ll(! J.T, iiiid opmtod by 

a worm IJ carried in a casing lixed to tlic main spindle AA. 
Tbe worm shaft VV has a squared end on wliieh a handle 
C^an he jdaced for rapid adjustment, anil is rotated automatically 
hy the shaft IV through the gears a.l X. The shaft \V is turned 



Fio. —Hbai.d Cauxuhii (ijiisiiEU 

hy a. star wheel Y of meny teeth, through the space of one of 
which it is moved hy contact wilh a curved plate at each revo¬ 
lution of the main spindle A, The curved plate is seen in 
Eig. lOd. This can he thrown in or out of action hy the 
handle seen a little Io tlii' left of it. The knurli'd head Z 
gives a hand fine fi^al adjustmentv 

T'he movement of the second spindle inside the main 
spindle takes ^ place—unless controlled hy hand—at every 
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rovolntioii of tlie work. In .soiiio (k'sigiis, Huch as that of 
Mes.srs. Brown & Sharpe, the feed is made to take place at each 
end of the traverse, as is done in Universal and Main Grinders. 
This is probably the moie convenii'iit arrangement, but as in 
internal grinding wheels wear nincli more quickly than in 
external work owing to their small diajnetiir and face, the 
advantagi' i.s not very great. 

Arrangement of Machine with Travelling Work.— In Irig. 

lO'd the general arrangement of the machine is easily seen. 
The liea-d a already described is mounted on a bridge b 
ov(T the m;iiu ways : tli(‘ work, or jig for it, is bolted to the 
table r, which has a cross ailjnstment on the main slide tl. which 
slides on ways formed on the knee, which it,S(‘lf is litted to 
slide vertically on the body of the inaclnK^. The reversing 
motion, which is controlled by the stops on the front of th(! 
main sliile, is contained in the case g, and the whole knee, 
main slide, cross slide, and woi k, can be raised by thi! haiidle 
h operating the screw /,'. The rale of tia.ve|-se for thi' main 
slide is controlled by the change sjieed box /, the motion from 
which is transmitle<l to the nwersing box 1 / llirongli llic donhle 
Ifooke's joiid. connection seen in front of the machine. At m 
is the change-speed box for the rale of rotation (jf the main 
spindle, the motion being Iransniilled through the belt 71 to 
till* pulley If and then throiigh the pinion (I and gear I'l of 
Ji'ig. 11)2. The wlieel spindle ]mll(y p is driven from the 
comdershaft through a s[ieed eoiiider which swings, since tho 
position of p varies as it is being carried round by the rotation 
of the main spindle, and a s[)ting is arranged to act on the 
swinging link and so keep tho belt diiving p a<l; tlie correct 
tension. 

By means of the cross and vertical adjustments to tho 
table c, a series of jiurallel holes ean be ground in a })iecti of 
work- e.g. theeylinders of a monohloc jielml engine—and for 
this ])nrpose sneli a machine is very conveniently adajiled. 
Single cvliudei's for such engines, however, are preferentially 
ground in the former typo »f Internal Grinder, as in that typo 
the slight taper (which is about 1 in 1000, and is desirable, so 
that tho cylinder is parallel w'lum tho head end is hot as it is in 
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use) can easily lie sot and ground. Taper holes cannot be 
ground in machines of the horing type, although some havo 
boon made with arrangements for the purpose. This introduces 
further complications into the mechanism, and the results havo 
not so far. T believe, been encouraging. 

The increarSe in the distance AN between tho axes of the 
main and wheel spindles (see h'ig. 101) is not pi-oportional to the 
angular movement of the second spimlle EE(i in the main 
sjiindle ECD—that is. it is not proporlional lo tho change 
of the angle AHN, or lo the auiouiif of turns of the worm 
wIk'oI, and hence to the amount, of t.uni of the worm.* The 
amount of cut put on then is not iiroportional t.o the movement 
which puts the cut on, but dejiends upon what angular position 
the second siiindle then has with the main spindle. Although 
with practice the il^nounl of metal being removed can be judged, 
this is not. very reliable except where a. number of parts are 
done undi'r exactly the saiui‘ cireunistanees, in which cas(> 
the amount removed can be fairly well estimated by the time 
taken if the ap)iearauce of the grinding be kept uniform. Tho 
ditliculty of estimation is greater with wet grinding than with 
dry. 

When the feed is jiroportional to the movement )uodueing 
it., as is the caS(‘ with internal grinders of the tirsl. typ(>, tho 
wear of the wheel aloiu' affects its sizing properties, and although 
in internal grinding the wlaad wear i.s .sometimes as much as 
the increase of work dianuder, it citii be allowed for, and tho 
proportional cross-feed is a good indication as to the increase 
of t.be size of the hole, and is a. desirable feature, provided in 
attaining it the simjdicity and rigidity of the above type are not 
lost. In Eig. 104 is shown the line drawing of an arrangement 
giving a proportionat.e feed. 

In the line drawing it will be S('en t hat the main spindle H 
is bored through at an angle to tho axis; the secondary spindle 
.1 fits this bore, and can be adjusted lengthwise in it, but is 
prevented from turning by means of a key. The grinding 
wheel spindle is carried in the secondary spindle, and in the 

* AN = 2 AH sin J 6 , theroforc 8 . AN = AH . cos J 0.6fl, so that cut 

varies as worm turn and cos J 6 . 
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brack(!t ]'l boltod lo il, and its axis is parallel to the main 
spindle; adjustment of the secondary s])indl(! along the 
inclined hole in the main s|)indle then altfO's tlu' distance 
between the main and wheel s))indles, and so adjusts the cut. 
The adjustiiient is siin])ly performed liy the screw mechanism 
shown at N. and is [iroport ional to t he movement producing it. 
The acdual consiruet ion is practically moie dillicult than that 
])revi()\islv described. Tim screw X does iiot rotate; it moves 
endways only, carrying the main spindle H with it; as the 
secondary sleeve .1 cannot move endways it has to move trans¬ 
versely, and so puts ou the' hs'il. 

Arrangement of Machine with Travailing Wheel Head. -When 
the work is small it is best that it should lrav<'l. as there is 
theji less tendency to \ibr.ilion, but with targe machines the 
will'd sjiindle is freipiently arranged to travel. This type of 
ini.ernal grinder is ni.ule uji to large sizes, and one such machine 
is shown in Tig. 105. Ib'ie Itie wheel head tia,verses and 
tile work remains slationarv : the main ways consist of two 
flats and two \eitical surlaces. and are prolected by roller 
blind devices at the wheel end. The arrangement of the 
mechanisni in general can be traced in t.he illustration. 

The Bases of Accuracy.- The accuracy of the work from 
hoth types of internal grinding machine, dejieiids immediately 
upon the si.raightness of the ways of the main slide and upon 
liic perfection of the main s]iindle and its bearings, together 
with the distance apart of tlii'latter and the closeness of their 
adjustment. The uniformity of size of a parallel hole, or 
the struightmyis of side of a taper hole depend on the perfection 
of the main rvays and upon the corivcliiiess of the w'heel 
‘ height,’ while the rouiidness of the hole di'pends upon the 
t ruth of the main spindle and il-s bearings. 

In both types there is overhang, the work from the main 
spindle bearings in tlie lathe type and the Avhoel from the main 
spindle hearings in the boring machine type ; so that as regards 
this point of view', supposing that tljo bearings are equally good 
and far apart, the. two typos of machine may be regarded as 
equally good. ^Generally speaking, however, the lathe type is 
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the bettor as regards those points. In machines lor S])ecial 
purposes, and in whicli the work rotat(>s, wliens tlu! work is 
comparatively small, il. can be arranged to be hold inside the 
main spindle, and so this ov('rhang avoided, but for machines 
for g('neral use this is impossible. 

Setting the Work Head Parallel.— Whon the work revolves, 
if its axis be set at, an .angle to the line of the main ways, the 
hole will be tapia-. This is shown in Eig. 100, wher(> the taper is 
small. The work axis is All and the line of tlie main sli<le is 
CD, making an angle 6 wit h All. The wheel grinds the side EE 
jiarallel to CD so that the work is giound to a cone of included 



angle 2^, with the greater diameter to the right in the 
illustnitioi’.. 

The angle at which the wheel spindle hap})ens to bo set 
makes no ditference, but unless il, is parallel to the main ways 
all end play should be taken out If it be not, the spindle 
will move in its bearings at, each reverse, and the cut will then 
be heavier when the travei’se is in one direction than in the 
(,ther. 

If the wheel in Eig. 106 is moved over to grind the work on 
the opposite side of its diameter, the relative movement will 
now be along the bioken line GH parallel to CD, and the wheel 
will cut ,at K and b{! jlear of the wyrk at L. If the lines AB 
and CD be ])arallel, however, the hol(! will be piarallel, and the 
wheel when moved over will cut ecpxally all along the side GH ; 
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this is a dolicatp test f<»i parallelism, aii^ is useful in setting the 
work head to the parallel position. 

There is no corresponding adjustment in machines of the 
boring type, and the work from them is paralkd. Should the 
axis of the main spindle he out of li)ie with the main ways 
the work is still parallel, but its cross section is not circular. 
The error is very small, however, since the principal component 
of it is propoi'tional to the product of the width of the wheel 
and the angle between the axis of the main spindle and the 
line of the main ways. 

The straightness of the parallel hole or the taper depends on 
the straightness of the main ways geometrically ; practically 
it is affectial by the spring of the skauler spindle and the oil 
lilnis, tending to produce, ‘ hell-mouthing.’ 

% 

Holding the Work.—For internal grinding work can be held, 
as for turning, in three or four jaw-clmcks oi' on face plates, 
but as the work has altvaaly been mardiiiied 1 here is a wider held 
for the use of collet chucks and lixtni'es. Ordinary chucks 
cannot be expected io he very accurate, as they are manu- 
fiictuied und('r competitive conditions to meet the r('quiremont3 
of lathes for which their precision is almost always ample. The 
jaws of a concentric chuck can easily be ground out true 
for any particular diameter. When doing this it is best to 
grip a piece of riuterial in the chuck in the rear part of the 
jaws, so as t.o force the jaws into the holding position. Work 
such as gears can be, held lu a chuck with independent (prefer¬ 
ably four) jaws, and set true. (lutt(!rs may be hold in the 
same manner. Imt usually holding to a face ])lato is preferable. 
Work whioh is likdy to bo pressed out of trutli by the force 
of the jaws should bo held to a face plate, or—if it is circular 
on the outside—may have a fairly thick split collar slipped 
over it for the chuck jaws to grip upon. Holding work tightly 
in an ordinary chuck will distort it, with the result that the 
ground hole will go out of shape when the work is released 
from the chuck. 

Where the quantities jvarrant it split chucks and holding 
fixtures are very desirable, as they reduce the time of seating so 
considerably. If a piece is to bo ground bolji externally and 
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internally, it is frequently best to put it on a mandril and rough 
grind the exterior firsi; on putting it into a collet chuck the 
inside, which was in contact with the mandril, now runs true, 
which lessens the time of internal grinding. It is finally put 
on another mandril, and the exterior finished. 

Gears. —It is a matter of varied opinion as to how hardened 
gears should be held ; generally it is considered that they should 
be located by the points on the pitch line, which is rather indefinite 
in some cases. I think, however, that it is preferable to hold 
by the bottoms of the tooth spaces (always machined at the 



Kiu. 107.— Holuino iSruH Hkih.s -IIkai.i) 

same time), as defects in the grips and giit produce less errors 
in the averaging of the distortion duo to hardening. At least 
six equally spaced (or nearly so) grips should be used. Fig. 107 
shows a suitable arrangement given by Messrs. Heald, but here 
only three spaced grippmg points are used. 

Jigs should be made to locate the previous machining of 
the hole to be ground as accurately as possible, and should be 
arranged to hold the work without distortion. For example, a 
jig for petrol Sngino cylinders should hold the cylinder by the 
ring and face (machined at the same time as the cylinder was 
bored), by which it ij hold to the base plate, and it should be 
fastened in the same way. It is quite free elsewhere, and free 
from holding strains. Quicker gripping devices can easily be 
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arraiig“(], Imt not with ko perfect a location and freedom from 
strain. 

Jigs for thin work should hold it hy compression on the 
ends, so as not to spring it across any diameter. 

Belts.—The belt to the wheel spindles for internal grinding 
usually runs at a very high speed. (Vmsiderations of the 
centrifugal efl'oct in leather belting as it runs round a pulley 
shows that a belt transmits most power at a speed of about 
5000 feet per minute, and in this case the pulley would be the 
same size of the wheel, or rather larger, as the wheel surface 
speed is usually somewhat below that amount, as the spindle 
si)eed is so high. My practice txsed to be to run the belts to 
intei’iial grinding spindles at this spexsl, with tlu^ easily remem¬ 
bered rule that the wheid used was not lo*'>xceed the pulley 
diameter. With thes(> high speeds it is necessaay that the 
bi'lt should be endless : raw hide or orange tan belting is best 
for all but the smallest size s])indles, for which cotton belts, 
woven endless, are most suitable. 

Water is to be used in quantity or not at all; the wheel 
must be clean, and a miaigre water supply tends to choke it. 


Width of Wheel. —'I'he width of the wheel must be less 
than that for external grinding for Gie same power delivered 
to it. This is explained in Chapter III, but as the dilTeience 
is considerable in internal griiidhig, I refer to the subject 
again. 

The relation between the work speed and the dxqrth xxf cut 
which must hold in order that the wheel face may neithei' glaze 


nor disintegrate too rapidly is that 


dh 


t tihould lie be¬ 


tween two limits, and preferably it should have a certain 
value, which depends on the nature of the wheel (which is 
supposed to be run at a lixed speed) and the material ground 
only. To get the output of which the machine is capable, we 
also have vt having another constant value, dependent on 
the machine and wheel. I'hom thest; we get the values of 
c and t. 

Now vt is to be reckoned per unit (i.e. per inch) width of 
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wheel fiice, and we eiiii increase the value of vt for any machine 
by decreasing the widtii of wheel face. If in any case we have 
obtained the values of v and t and find them unsuitable, we 
can alter their values by altering vi lor the case—that is, by 
altering the width of wheel. 

li. taking a case of grinding which gives good results in external 
grinding, and using the sanii' vahu'S of the al)ove, wo consider a 
case of internal grinding for which tlu; values of the diameter of 
wheel and work are different (and (he negative sign in the 
formula is to he (ak(;n), we lind t ha(. very much higher work speeds 
and vea-y line depth of cuts are reijuisite. Now line depths of 
cut are umh'siiahle or even impossible with a small spindle, 
supporled at best by a liearing in a sleeve which can easily 
spring. M e must therefore increase Iffe depth of cut, and to 
mi'ot the wheel condition w(^ must decrease v (.0 an extent 

which makes v- the same as before. This will increase vt, 
du 

and to do (his we must, icduce the width of the wheel. Taking 
the same ])ower and using it on a narrower width increases vi 
at the wheel face. 

' This do(‘s not mean (hat. we are going to lose output, 
which depends on vt: it aKers neither the output nor the 
total force on the woi'k, nor yet the linal force on the wheel 
particles (.ending to dislodge them from their sotting. What 
it do('s is to increase the leiiglh of the arc of contact, keeping 
the aveiage force the same, but since the width of the wheel 
used is less the net s esult is the same. Generally speaking, 
(he output is pro])ortional to the length of the arc of 
contact nmy iplied by the wheel face, or to the area of 
contact. 

Consider the same ‘xample as was taken in Chapter III, 
page 69. Here in external W'ork, where d = 2 inches, D = 
14 inches, 0 = 30 inches per minute, and t = O'OOl inch on the 
work diameter, the grinding was satisfactory. If our internal 
work were 3 inches diameter and the wheel 21 inches, \vc 
should then lind fcliat v = 257 ^cet per minute, and that 
the corresponding cut would be O’OOOllS inch on the work 
diameter. 
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Supposo that we increased the feed, to ono thousandth of 
an inch on the diameter, then the corresponding velocity would 
be V, where— 

idoo^ 2572 X 0-00011 r. 

or ■ ») = 2r)7 Xv^O-llT) 

= 87 feet per minute 

The value of vt would now be increascal in ratio 3-15, so 
that we should hav(( to redma' the wluiel face to Ij inch. 
Actiially if the same power were delivered to the machine 
■we should have to reduce it fnrth(T, as less of the power roaches 
the wheel in internal than in external grinding, owing to 1,he 
greater loss in tint belling and journal friction. The spindle 
bea,ring also is to be considered, and hence less power is usually 
delivered to the machine. 

Treated thus, wheels of the same grit s and grades will suit 
internal, as suited external worlv, but considering that the 
wheel is not supported so rigidly, a slightly softer wheel is 
desirable for internal work. The cubic amount of wheel wea.r 
should be the same, but as it is distrilmted over a much smaller 
circiiniferoncc and width the. effect is much more conspicuous, 
and loads to the impression that the wheel material does less 
work. 

The wheel must not be too soft, otherwise it tends to pull 
into the work and have its substance wasted. This action is 
probably duo to a gyroscopic effect. Suppose the spindle 
AB, Pig. 108, is running free in the bearings with an oil film 
round the journals, .and that the force P of the cu| acts at the 
pomt 0 of the wheel B and acts upwards, the spindle running 
in direction D(!. Then if the spindle can bend or move about 
the point A, the force P produces a moment P. AB about 
the line AX, in the sense indicated by the arrow ; which com¬ 
bines with Iw round AB to make the axis of lotation move 
towards C, as shown by the broken line, and so carries the 
wheel into the work. This increases P and tends to continue 
the motion of the wheel into the work with increasing rapidity, 
until it reaches a pomt where it quickly destroys the surface 
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of the wheel. This will not happen if the wheel in near to the 
glazing point, an tho normal force then chocks the action. 
With springing spindles, therefore, tho spe(!ds and foods nmst 
be more m'arly what is just correct. 

Work Speeds and Wheel Action. -E.xcesnive wht'ol wear 
and glazing are to be checliod by th(' same methods as have 
been given tor the case of external grinding, btit spis'ds 
and fe(‘ds are much moix! dillicult to select correctly, and 
ro(|uiro much more manipulaiiion than in external grinding. 
This i.s duo i,o i.lie inlluenco of the changing diameter of tho 



wheel as it wears down in use, which is here very groat, while 
in exi.ernal grinding it is very small. 

riuppose that a piece of work 4 inches in diameter is being 
ground externally with a 86 K wheel, 14 inches in diameter, 
taking 2 h.p? per inch of wheel face, and that a worlc surface 
speed of 80 feet per minute with a food of IJ thousandths of 
an inch (mils) on the diameter is found to be tho most perfectly 
satisfactory. The corresponding work surface speeds for 
wheels of diffiH-ont diameter can be calculated from (sjnation (8), 
page 69. By setting off the various wheel diameters along OA 
in Pig. 109 and the corresponding work surface velocities 
parallel to OB, we (Jbtain the broken curve OGD, which shows 
at a glance tho effect of any change of wheel size. As the 
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wheel (liamotor dooieases the work surface speed should also 
be lowered, but the eftect of wearing the 14-inch wheel down 
to 10 inches would cause only a small fall of the best work 
velocity from 30 feet to 27'5 feet per minute. If the wheel were 
changed for one of 6 inches diameter tlie best work surface 
velocity would fall to 23, and if a 24-inch wheel were used it 
would rise to 33 feet per minute. However the wheel diameter 
were increased the corresponding work speed would never 
rise above the value 3H-(>, indicated by the broken horizontal 
line to which tlu' curvi' Cl) is asymptotic. The corresponding 
feeds ar('. shown by the l)roken lim* T in the lower part of tho 
figure, and are obtained from the fact that vt is constant. 

It will be seen that wheel wear has no practical effect on 
work speeds or cross-feeds in e.\t('rnal work. 

If the h.p. ))ei*incb of wheel fac(' were doubled, we should 
(d)tain tho full line curve GEF giving tjie work velocity, and 
the feeds wouhl b(! given by (he full line curve below. This 
show's the inilmuKa^ of increased ))ower in slowing work speeds. 

Now suppose! that the work bi! internal instead of external. 
The w'heel diaiiK'ters are S(‘t oil to the left along OA' and 
the corresponding w'ork surface velocities ])arallel to OB', 
while the feeds are in tlu' niinaining quadrant of the diagram. 
The curve OGH giving the natural work speeds is a continuation 
of tho curvi! OCD, but its inclination is very different, and 
for wheels not much k'ss than tho size of tho hole the work 
speed is \ ery high, and the corresponding feed, given by tho 
curve A'WV so very low, as to be unusable. This, as explained 
previously, necessitates tho use of a narrower wheel, using 
more power cer inch of face. Suppose that the wheel face 
be halved ; tiro work speeds are then given by the full lino 
curve OKLM, which is a continuation of FEO, and the feeds 
by tho curve A'X. Thus a work surface speed of 65 feet 
per minute (the point L), with a feed of O'OOl inch (the 
point X) woulft be tho best for a wheel just over 3 inches in 
diameter. 

This condition allows certain margins, and may ho departed 
from on one side unt5 tho wheel glAzes, and on the other until 
tho wheel v, ears unduly. Both these conditions are expressed 
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by different values (ci and «i, page 69), of tho quantity b in the 
equation V so that by drawing further curves 


of a similar nature (rectangular hyperbolas) to those already 
drawn, we shall obtain tho limiting lines on tho figure. If 
tho work speed wore reduced by a ])articular amount it will 
cause glazing; the broken curve ONP, drawn for a ratio of 
one-halt, indicates this condition. The original curve OGII 
represents a condition of wheel w’asto at this amount (4) 
of h.p. per inch of wheel face, and the dotted curve OQR 
will represent one of excessive wheel waste. 

Accordingly th(! area of the figure in which grinding can 
proceed is that between the cui'ves ONP and OGH, and this 
I have shaded. 

Su])pose that a speed of 65 feet ja'r iliinute be selected 
for tho w'ork, which ^h'ps a feed of O'fiOl inch on the work 
diameter. This is represented by the line PLGQ on tho dia¬ 
gram, and we see that the largi'st wheid which could b(.' used is 
SIJ inches diameter, and that it is just on the i)oint of glazing. 

As tho wheel w('ars down its action improves, until at 
the point L, wdiich is on tho full lino curv(' h’EOKM, it would 
be at its best, tho diaini'ter then being just over 3 inches. 
Purther reduction of diameter would make it wear more 
rapidly, and at the point G, 2.j inches diameter, it would be 
wasting unduly. 

If tho use of tho wheel be continued further, using the 
same w'ork speed—that is to Q--tho cross-feed must be reduced 
and the output sacrificed. 

The short length of tho line PLG (and forpfioarness wide 
margins have been taken) in which tho wheel successively 
glazes, works well, and w'astes, shows that the regimen in 
internal grinding is not constant—as it practically is in external 
work—and that the difference between tho diameter of the 
wheel and of the hole has a great effect. With the limited 
number of work and speed changes on a machine it is impossible 
to obtain any particular speed and feec^ desired, but what is 
to be aimed at is t,o start* with a wheel just on the point of 
glazing, and it is then known to be on the curve ONP. When 
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a condition corrofipondiijg to the point 0 ia reached the work 
speed ia to be lowered, and if it were lowered so as to reach 
the point N (15 feet per minute) it would then again he on 
tho point of glazing. 

In external grinding a 14-inch wheel, using 2 h.p. per inch 
of wheel face, was at its best when the work velocity was 
30 feet per minute and the cross-feed 0‘00125 inch; if we 
take the same velocity for internal work (tin' point U) at 
tho same h.p., we shall find hy drawing IIV vertically upwards 
that the feed (tho point V) is the same as in the external work. 
For this to be tho case the particular wheel diameter would 
be only 1‘75 inch, and so not suitable for a 4-inch hole. 

So far the wheel surface speed has been supposed to be 
kept Constant, wd'ile in practice the wheid spindb' speed would 
probably be consSfint. The effect of this is still further to 
reduce the range ovi'r which the wheel can be used without 
altering the work speed. It can be easily shown that by 
drawing a rectangular hyperbola I’ZY through P to OA' and 
OB' as asymptotes, the limiting diameter of the wheel is given 
by the point Z on the curve OUGZH, and the wheel diameter 
is thi'n 22 inches instead of 2| inches, as it would be if its 
surface speed were kept constant. 

In grinding hides, then, we see that comparatively narrow 
wheels must be used, and from the nature of the case a wheel 
of a diameter somewhat approaching that of the hole must 
be used, fho work should then be started with as high surface 
velocity as is consistent with a workable cross-feed, the wheel 
being bevelled ai. its edge if necessary to stop glazing. Phis 
gives the best starting condition. After tho wheel has worn 
down a certain amount it will begin to wear away too fast, 
and the work speed should then be lowered—which permits 
an increased cross-feed—and this restores the wheel action 
to tho conditions in which it tends to glaze, and so the cycle 
begins afresh. * 

I have drawn Fig. 200 with a view to assisting in the 
Selection of .work speeds, the revolutions per minute obtained 
from the formula being plotted ag&st the ratio of wheel to 
work diameter. It is to be observed that tho regimen has 
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a gradual cliango as tlio wIk'cI wcai-s down, and that this is 
to bo ooiujtoraotpd by altoring tlie work speed. The wheel 
speed should be kept constant so far as I,he arrangements 
of the machine j)ennit. 

It will be gathered that conveniences for easily changing 
(lie work speed are especially desirable on internal grinders. 

The wheel should lie trued with a diamond tool mounted 
on the work slide. It is convenient lo liax'e a. tine adjustment 
to the diamond tool so (hat. it can be set just to graze the 
wheel wh(‘n the work is lo sizi', thus serving ns a. gauge to 
j)re\'ent the work being ground over-size. 

The slops should be set. so that tlii' ri'verse at either end 
takes ])la,ce before the wheel gets moi'e than half clear of the 
work, otherwise liell-niouthing is apt to occur. 

As small wheels (an inch or so in diaiiieteij seem to be 
regularly harder than their sujijiosed grade, it is customary 
t.o make them out of larger wheels worn down or accidentally 
broken. These always seem lo me to work better than those 
suppli(‘d to the size. Thi' jiieces of large wheels can be drilled 
with an old three-S((uare tile and turned up by a boy, at a frac¬ 
tion of the cost of the equivalent small vvheids from the W'hoel 
factory. 

Times for Internal Work. — Times on internal grinding 
depend on many factors. Setting the work takes little lime 
with good appliances—e.g. spring collet chucks for ordinary 
work and special jigs for such work as motor cylinders, Ac., 
but for work which reipiires to bc‘ set closely when held in a 
chuck or strapped to a face plate, some tinu^ is necessary. For 
such work as cutters or hardened steel gears livq. to ten minutes 
or even more is reasonable set ting time, the amount depend¬ 
ing on the size of the work and the accuracy required. 
Gutters arc far more easily set on the face plate of a vertical 
internal grinder than on a horizontal spindle machine. Apart 
from this the time depends on tho amount to iTe ground out of 
the hole, the material, and on tho machine and the spindle. 

On small holes esp(K;ially it is desiralije that the spindle and 
sleeve should be so large m diameter as only to allow a good 
initial clearance and reasonable wear for thg wheel, and the 
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less overhcUig from the support the bettor. An unsuitable 
spindle grc^atly iucreasos the tiiiu! retjuired to grind tlie hole ; 
a wheel of unsuitable grit and grade has a like effect. 

The wheel should not come far out of the work, for much is 
apt to produce bell-mouthing; the time for gauging is usually 
small compared with the actual grinding time, and may be 
taken as proportional to it, so that tlu* time may be written 
T = blit -h a 

where d = work diameter, I — kuigth of work, t the allowance 
on the diameter for grinding, and a is a constant allowing for 
att('ntion to the machine, setting, &c., and k a constant varying 
with (he spiirdle T’or work which ie(]uires small time in 
setGng, if d and I are in inches and / in thousandths of an inch ; 
till! time in minuti^s will be, obtained if u -= 5 and k is taken as 
follows for spindles reasonably suited to the following holes 

Up to a diameler of 1" IJ" 21" 23" ffU 0" 

-il -2 -lu •12.') -1 

The length is supposed not to be so long as to cause trouble 
from excessive spindle vibration. 

The times thus calculated are suitable lor work on hardened 
steel; for cast iron or bronze the time will he shorter, a littlo 
so on the small work increasing t o one half or more on the larger 
sizes. For examph', automobile cylinders from 23 inches to 
3 2 inches diameter and from .5 inches to 8 inches long are 
usually ground in from 10 to 25 minutes, depending on the 
size, the allowance, and the (juality of the cast iron. As in 
external woi’k, carborundum is the most satisfactory abrasive 
for cast iron • A lew examples Oi times, kindly supplied by 
the iirms mentioned, are given (page 422) later. 
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THE UNIVERSAL GRINDER AND ITS WORK 

Travelling Wheel Type.—' Universal ’ grinding machine.s are 
arranged to be able to do both external and internal work, and 
are usually able to do some other work in addition. The 
Brown & Sharpe Universal Urinder is illustrated in Pig.s. 29, 30, 
and 33, and <lescribed in Chapter IV; the description there 
and also the lettering in g(‘noral lits the Landis Universal 
Gi'inder, illustrated in Pig. 110, which is of the opposite type, in 
that the wheel head with its cross slide is mounted on the 
main slide and traverses. The principal details of the machine 
have already been noted. TIk! diamond tool holder is seen at 
I) on tlie floor, and a drawing of it in action is given in Pig. 04. 
The speed variation for tho rate of travel of the main slide is by 
means of friction wheels in the case N, their position being con¬ 
trolled by the lever N'. In the Landis Internal Grinder, Pig. 98, 
this controlling lever is at tho friction box, and the friction wheels 
are of the concave recess type, with the leather-covered friction 
wheels arranged to swivel to give the speed alteration. In this 
internal machine the main .slide movement is short and the 
main ways are protected by cast iron covers, but in the Univer¬ 
sal, wdiere the movement is longer, a spring roller blind cover, 
shown at J', is used. The countershafting is .shown in Pig. Ill; 
the wheel head is driven from it by means of a bolt q' from a 
large high-speed drum qq, along which the belt travels to and 
fro, following the movement of the main slide. The work head 
is driven by a belt u' from a short drum u, so'-as to allow for 
different positions of the head BB' along the work table H. 
The fast and loose pulleys n, n', cone pulleys p for driving the 
wheel drum qq, cone pulleys t, t' for dnving tho work drum, 
and the pulleys r and y for driving the pump and traverse 
^ 270 
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espectively are all lettered in accordance -with the description 
n Chapter IV. 

The Cincinnati Universal Grinder is shown in lig. 112, and 



the arrang(iinont of, the drive which W'as brought out by 
this firm has been already described in Chapter VI, and 
is being adopted on other machines owing to its convenience, 


Fig. no. —Laudis Usiveksal Gresdeb 
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as the countershal'tirg-is simple, and all speeds of the work 
and table arc obtained by the manipulation of handles on 
the machine itself. 

Speed change boxes carri(‘d on the machine itself are also 
a feature of Messrs. Alfred Heiberts’ large Universal Grinder 
(24 mches by 12 feet capacity) shown in Pigs. 113 and 114. 
Various differences of arrangement are noticeable, w'hich adapt 
tho machine to larger universal work and to such as is done in 



Flu. 112.— rviVKIfSAL (U(lNl)ER—('iNClNNATl (fKlNDKU C'o. 

Messrs. Alfred, Herberts’ shoj)s. The work head is driven by 
spiral gears set at i^)°, so that in moving the head through 90° 
tho belt is stretched as little as possible, as the headstock pulley A 
changes its angular posil.ion. The headstock and tailstock fit 
the table by means of a vee B and flat 0; the vee is gashed 
at intervals to permit tho grinding solution to flow away, and 
the table is open and not protected. The hoadstock and tail- 
stock are traversed along the table by means of the wheels 4), 
the shafts of which, terminate in pinions meshing with the 
rack E. The guarding of the main ways is effected by sloping 
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slipet st(>(*l guards F, G, after the same manner as in the Norton 
macliiiips. Tin- voe G of the main slide is hero at the side of 
the ^^■ays near(>r to the operai-or, an arrangement which was 
also a<lo])t('d on the earlier Norton machines. My preference 
is for the vee on the inner side, as is the ])ractice of Messrs. 
Brown & isharpe, Churchill. Ac. The sieadic« H are arranged 
so that the thna^ shoes used hear at points on the work circum¬ 



ference which are well apart. The sj)eed change boxes >1, K 
are controlled by wheels ]i, M at the front of tlu^ machine. 
The automatic throw-out to the cross-feed contains a number 
of independent plates at N, so that several different diameters, 
can 1)0 duplicated on work without removing it from the centres. 

■' The wheel head carries the internal grinding spindle bracket 
integral with itself, and also a separate countershaft F for 
driving it, with an eccentric mounting to the shaft so that 
the belt from its pulley L the internal can easily 

tightened. The backlash is taken ^ of If^heel slide by 
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means of a secondary tack, capable of sliding but held up to 
its pinion by a spring; the tension in the spring is adjusted 
until its force moves the wheel slide with certainty along its 
ways—whi(ih are of the vee and Hat type. The adjustment 
of the cross slide to any desired angle is made by the lover Q 
at the rear of the machine, which operates the pinion above it 
through a ratchet. 

The Swivelling Cross-ways. —The work of the I’lain Grinder 



114.— Hkiibert Universal Uhisdeh, 24'x 12' 0' 


is limil.ed to tapers of slight angle, the maximum amomit of 
which (!■ pends on the size of the machine, being 6° or 7° only 
in the huger leadlines, hut much more in the small machines. 
The complementary taper can also be ground by traversing 
the wheel with the cross-feed. The cross slide in Universal 
grinders is arranged to swivel as a whole, so that tapere of 
any angle can* be ground on work between the centres or 
held in a chuck; The arrangement is described in Chapter IV. 
and illustrated in Pig. 32. 

% * 
Double Taper Work. —Occasionally it is convenient to bo 
able to grind two tapers on work at a single setting, and the 
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method of doing this is illustrated in Eig. 115, which shows a 
plan view of a Landis Grinder arranged for the work. Tho 
table AH is first set over to the angle a so as to grind the slight 
taper C, tho mcluded angle of which is 2<i; and the cross slide 
is then set over as shown to grind thc! abrupt taper. To do 
this it has to be scit over to the angle a + yS, where 2y3 is the 
included angle of the abrupt taper. The taper G is ground, 
using the automatic feeds, but for the abrupt taper the wheel has 
to be traversed over tho work by the cross-feed motion. The 
wheel head E is shown swivelled on the top of the cross slide P 
to about its usual position. The spiral spring which takes up 
the backlash of the cross-feed in these machines is contained in 
the ease G. All the cross slide and its mechanism is carried 
on the main slide H, and the roller protecting guards for the 
main ways arc s*eu at J and K. Although quick tapers in 
internal work can be done by swivelling Irhe wheel slide, it is 
b(dter to do them by swivelling the work liead, as then th(' 
autoniaGc feeds can bo used. When it is desirable to grind 
two tapers at one setting on work held in a chuck, the cross 
slide is swivelled as above described for work between the 
centres. 

Facing Shoulders. — For facing shoulders, tho swivel 
adjustment of the wheel head on the cross slide is useful. 
Suppose that a collar has to be faced S(|uare on a parallel 
shaft, as sliown in Pig. 11(1. At X is shown the case of a plain 
grinding machiiM!, whore tho wheel axis AB is parallel to the 
work axis CD. Tho edge of the wheel grinds the work along 
EP, and the side of tho wheel tho shoulder along FG. To 
prevent untruth or want of squareness of tho side of tho wheel 
grinding the shoulder out of truth it is advisable slightly to 
recess the side of tho wheel, as indicated by the broken line HJ. 
At Y is shown the same case, but tho comer of the wheel has 
been rounded by wear, the amount being much exaggerated : 
to keep the coftier square it is usual to recess the work slightly 
in the lathe, as indicated at KL: or sometimes as at MNP 
in the figure Z. Sych recessing caimot, however, he done 
when the strength of tho shaft itj of importance: in such 
cases a filet corner should be employed. In the figure Z 
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the wheel axis QR is shown slightly inelined, so that only the 
corner of lliii wheel touches the shonldei' on the work, and 
touches it along a line in the plane of the paper, and not along 
an arc at riglit aaigles to it as in the figui'e X with the wheel 
recessed. The edge of the wheel touching the shoulder is 
trued and the shoulder ground hy traversing Gie wheel out 
hy the cross slide in the direction indicated l)y S ; this produces 



a true conical or Hat (according to the setting of the cross slide) 
surface of much hcdter (piality than thati proiiiwal hy the 
method shown at X. 

When the wheel spindle is thus set inclined slightly to the 
main ways, it is important to tak(‘ the end play out of it, and 
the diamond when truing the wheel should be ast nearly ‘ level ’ 
with the axis as possible. 

The Work Head and Running Spindle.— Since the work 
head spindle is used for ^huck work it is fitted to rotate 
in bearings, and since it is also used for dead centre work it 







Fig. 117.—Work Head of Universal Grinder—Brown & Sharpe 
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must be capable ot being locked, while the dead centre pulley 
rotates loose upon it. Messrs. Brown & Sliarpe’s design is 
shown in Pig. 117. For chuck work the spindle is driven by 
the pulley A, between the bearings B and G, which are bronze 
bushes split along one side, and are closed by the caps D, E, 
and are prevented from closing further by wedges in dovetail 
slots. The spindle nose has a parallel part and a thread for 
receiving chucks and face plates, and also the dead centre 
pulleys shown in position. The outer pulley P can be removed, 
leaving the smaller one G which will give a higher speed to the 
work. An adjustable driving pin as shown at H is a con- 
veuiencG. When the dead centre is used the spindle is locked 
by the plunger J engaging a hole in the pulley. The whole 
upper part K of the head has a swivel adjustment on the 
base L. so that taper and flat work can be dope. 

Dead centre pulleys have non-adjustablo parallel bushes 
which are cheaply replaced. They are not to be expected to 
have a very long life, as it is difficult to protect them perfectly 
against the fluid, and the best way to meet the difficulty 
is to adopt a design with the wearing parts as simple as 
possible. 

Collet Mechanism.^ —The spindki is hollow, and Universal 
machines are usually supplied with a draw-iu collet mechanism 
as is shown m Pig. 118, and is v(!ry useful for holding washers, 
saws, and other parts to bo ground upon the face. The work 
is placed upon the split collet C, which is expanded by the 
screw B until the work is gripped tightly. The screw B works 
in the sliding sleeve 1), which is prevented from turning by the 
pin E, and by turning the rear hand wheel A „this sleeve is 
drawn into the face plate, and carries the collet C and the work 
with it, and draws the work up .against the face plate P. The 
face plate c,an easily be ground in position, and so the two faces 

of the finished work will be true with one another. 

« 

Flat Work.— The best flat or nearly flat work is done by 
swivelling the work head through a right angle and using the 
automatic feeds. It must Ij.o rememhereci that as the feed is 
indexed as a certain amount measured on the diameter of the 
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work, the actual movement of the wheel head and amount ground 
off a collar in this method is only half that shown on the 
graduations. A diagram of the arrangement is given in Pig. 119, 
where the wheel A takes successively the positions shown at 
B and C relatively to the work DEPP, whose axis is PQ. The 
surface produced is here a male taper, and the wheel cuts from 
E to P and then becomes clear of the work towards C. If the 
work head is swivelled so that the axis takes the position PE, 
then the surface ground would be a hollow cone, and the wheel 
would cut into the work in the po.sition 0, as the surface of the 



Fig. 118.—Collet Mecitanism of Tnivebsal Grindke—Brown & Sharpe 


work would be that indicated by the broken line PG, so that 
the corner of the wheel mu.st not bo traversed beyond the 
centre, if the work axis PS were exactly perpendicular to 
the wheel traver EP, then the wheel would continue cutting the 
same when in the position C, and so an even light cut of the 
wheel over both sides of the W'ork—particularly at the circum¬ 
ference E and H—indicates that the work is flat, and furnishes 
the best methSd of setting the work head axis perpendicular 
to the main ways of the machine. The final adjustment 
of this is made by tlje aid of the screw K (Pigs. 29 and 110), 
which swivels the work table and the work headstock which 
it carries. 
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Work can bo ground similarly by keeping the work head 
axis parallel to the main ways, and setting the wheel head round 
through a right angle. Li this case, however, the wheel has 
to be traversed over the work by the cross-feed and the cut 
put on by the main slide motion, both of which are inconvenient; 
the work, however, is more easily set in the machine and is 



easily seen. When such work is needed in (jifkutity one of 
the machines illustrated in the succeeding chapter is more 
suitable. 

Elat or nearly flat work may also be produced in a Universal 
grinding machine by the use of a cup wheel, the&ce of which is 
brought up against the work. If the work revolves, as in the 
above eases, the work will be flat when the axes of the wheel 
and work are parallel; tlnj quality of (he surface produced 
is not so good as that produced by the ‘method previously 
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described. Machines specially adapted for the purpose are 
described in Chapter IX. (!up wheels can be used to 
produce flat work, such as sijuare and hexagonal shafts, knife 
edges, &c., in a Universal Grinder by suitably mounting the 
work and using the traverse motion. Fig. 120 shows a Tjandis 
grinding machine set up for grinding a square shaft. The table 
is first set so that the work is parallel to the main ways and then 
the wheel si)indle set scpiare with the work, or rather very 
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nearly square, so that it cuts at one side only. If it is set 
decidedly oll'*be pc'rpendieular position the sides of the square 
are ground slightly hollow. On the left is to bo noticed the 
index plate and plunger for locating tiu! sides of the work 
correctly. When the side of the square is less than the diameter 
of the tailstock it is necessary to use a long centre as shown, 
otherwise the wheel will foul the tailstock. A steady is shown 
supporting the long centre. 

It is convenient to be able te^ sharpen large cutters in a 
Universal (limdor, they are frequently beyond .the capacity 
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of the regular shop cutter grinder. For any parallel cutters 
all that is ncedod is an adjustable tooth rest such as is seen on 
the floor in Figs. 29 and 110; but for face and angular cutters it is 
necessary to have an auxiliary wheel head which can be in¬ 
clined and adjusted vertically. Such a head as fitted by the 
Landis Tool Oonipany is shown in Fig. 162 ; it takes the place 
of the bracket for the internal grinding spindle, and is adjusted 
to grind the clearance on the cutters according to the principles 
explained in Chapter X. 



CHAPTER IX 


SURFACK GRINRING 

Nhxt to work of circular section the production of flat surfaces 
is of most importance in engineering, and such work may be 
produced by grinding in several ways, each having work to 
which it if best suited. These methods may be divided into 
two classes, employing the edge and face of the wheel respec¬ 
tively, and these subdivided further according to the method 
of producing th(* flat surface. 

Edge Wheel Machines—Planer Type.— In Messrs. Brown & 
Sharpe’s No. ‘2 Surface Crinder, I’igs. 121 and 122, the edge of 
the wheel is used and the work traversed beneath it. At the 
end of the stroke the work is traversed sideways for the next 
cut, so that the surface is produced in a manner geometrically 
that of a planing machine. The surface produced is one 
parallel to that containing the lines of the main and cross 
slide's, and its accuracy, so far as geonu'try goes, depends solely 
on the straightness of these two lines. 

The main slide ways consist of two veos, but cannot be seen 
well in the views; the cross-ways are of similar type, and are 
clearly seen in Eig. 121. The main slide A can bo traversed by 
the hand wheel B or by power, the reversing being done by 
stops, one oj wliich is seen at 0, acting on a plunger trip 
mechanism. The main slide is carried on the cross slide D, 
the movement of which is controlled by the hand wheel E, 
and can be operated automatically by the gearing shown at E. 
This cross-feed is rapid, as the cross slide must be quickly moved 
through a space from | to J of the width of the wheel at each 
reverse, so as to keep the wheel face flat, as explained in con¬ 
nection with cylindjical grinding (page 96); it involves ipuch 
more strain on the mechanism thijn the small amount of cross¬ 
feed of the machine we have previously considered^ The wheel 
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spindle (4 is horizonfal. and is supported by a liearing close up 
to the wliec'l; the whole wlieel head II has a vertical adjustment 
by means of a screw ,1, the nut of which is rotated by the hand 
wlieel K thiough bevel gearing. The ways of the vertical 
slide, which are of a very unusual tyja', are clearly seen in the 


|vJ 
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illustrations. The machini' is driven from an overhead counter¬ 
shaft by means of a belt running I'ound the jmlley L, then round 
the wheel s])indle pulley, and finally round the jlulley M to the 
overhead driving pulley; the jiulleys h and M are carried by 
a swjng frame N, which is pivoted at P, and the weight of which 
jjreserves a suitable tensiiyi in the belt. In Fig, 122 the 
machine is shown eijuipped with a dust extractor; the machine 
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is used dry, and the g^it-laden air drawn away by an exhaust 
fan. Mucli of the dust and grit can be caught on a wet belt 
running slowly on the side of the niachinc t.owards which the 
wheel runs as it cuts. 

In larger machines of this planer type, the wheel head 
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may be carried between l.wo uprights, as is the tool in regular 
planing machines, or it may bo carried as in Fig. 123, giving 
an open-sided machine. The machine shown in this illustration 
is by the No'rton Manufacturing (lo., and has a capacity of 
15 inches by 8 feet by 17 inches, and takes a wh^nl 
14 inches diametej by (i inches face. The sheet guards 
A, A' protecting the main wayj, the reversing stops, and 
mechanism are similar to those on the plain, grinders by 
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Fig. 123.—Norton Surface Grinder 
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the same firm. The bed is supported on a series of taper 
wedges B, B, so that the effects of settlement of the founda¬ 
tion at any time can be corrected. The wheel head is 
carried on a horizontal slide C, and has a rapid cross 
movement by the hand wheel D—no automatic movement 
is provided; the width of the wheel necessitates considerable 
cross movement in surfacing, and this is left to be operated by 
hand. There is at E a second hand wheel—geared into the 
shaft of D by means of a worm and worm wheel—^whereby a 
slow cross motion can be given to the wheel for truing it. A 
large supply of water is arranged for, delivered by the pipe P, 
and guards at G and H are provided to deal with the spray. 
Power is provided to raise and lower the vertical slide J, and 
fine adjustment fc setting is provided at K. The machine 
is self contained, Wie countorshafting being within the machine 
body, and requires 15 h.p. for regular work. The width of 
the wheel enables formed straight work to be ground, up to 
6 inches wide ; for such work special arrangements are necessary 
for mechanically guiding the diamond tool in truing the wheel. 

In neither of the machines of Figs. 121 and 123 can the wheel 
be inclined in a manner corresponding to the setting of a planer 
tool-box; should pieces of material require to be ground in such 
a manner on those machines, the work has to be set up as 
necessary, or suitable jigs made. The efficient driving of a 
wheel spindle which can be inclined and moved in such positions 
is somewhat difficult, and although it has been tried the other 
method is preferred. Undercut surfaces, such as the vees of 
ordinary machine slides, have not been ground with commer¬ 
cial success. 

The same observations apply to the use of water in surface 
as in circular grinding, but small machines are seldom fitted 
for wet grinding. As only one side of the work—instead of 
all sides as in cylindrical grinding—is ground at a time, 
temperature effects are large in dry surface grinding, and the 
wheels used must be very soft so as to minimise the effect. 

In Fig. 12A is shqjvn a special Surface Grinding Machine 
constructed by Hans Benold, in which again the edge of a 
disc wheel is used in the grinding, but the surfaefi produced 
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in a different way—namely, by rotating the work round an 
axis, here vertical, and traversing the wheel across by a slide 
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and the perfection with which its line is perpendicular to 
the axis of rotation. If this angle is not a right angle the 
work is ground conical, either malo or female; and as this 
is sometimes useful—in such work as metal slitting saws— 
a small adjustment of the angle is provided for in such 
machines, usually by tilting tho work spindle and face plate 
round a horizontal axis. The work is fed up to the wheel 
and the cut put on by the vortical movement of tho work, 
which is controlled by tho hand wheel at tho front of the 
machine. 

The wheel spindle is driven by a ‘ silent ’ chain running from 
overhead ; the chain wheel B is so long that, as the wheel slide 
moves to and fro automatically, it only slides through the 
chain which is dtiv'ng it. Tho wheel head C slides horizontally, 
and tho rack I) with tho revensirig dogs are seen at tho front 
of tho machine with the roversiiig mechanism in the box G 
below them. Th(! foods and work are all driven by the chain 
E, and from this motion tho chain E drives th(^ revt^rsing box G. 
Tho V(!rtical work spindle carries a magnetic chuck H for 
holding the work; its speeds are obtained through the change- 
speed gear box U, wdiich is controlled by the lover E, the 
motion being transmitted through tho gearing at V. The 
cut is put, on by raising the work spindle and magnetio chuck 
by means of the hand wheel S. The pump, driven by the 
sprocket T, is on tho far side of the machine with the water- 
tank : at is the control switch for tho magnetic chuck, and 
the lamp seen is inserted in tho circuit to reduce the current 
by means of its resistance. The driving of such machines 
by chaitJt- is unusual but illust-ative. The corresponding 
machines, placed on the market by tho Churchill Machine 
Tool Co., and other firms, are all belt driven. 

This method of grinding flat work corresponds exactly 
with chuck work done by setting the work head round 
(page 281), so“ as to bo square with the main ways in a 
Universal Grinder. 

Work Speeds. —In, these cases, where a flat or nearly flat 
surface is ground b^ the edge of a*disc wheel, the arc of con¬ 
tact is small and is equal to ^s/Dh, where D is the diameter 

v2 
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of tho wheel, and h the depth of cut. .This value can be ob¬ 
tained from the formula of Chapter III, by putting !<■= h, 
and making the diameter of the work infinite, or it is at once 
evident from the geometrical relation that the products of 
the segments of chords in a circle are equal. The limiting 

velocity and depth of cut depend on u® ^ (to which * 


reduces on making d infinite), and the best velocity on ^ (to 

which V ^ reduces). Hence wo see that the table speed 
du 

should be diminished as the wheel wears smaller, and the 
depth of cut increased proportionally. As the wheel approaches 
the centre of the work as the table rotates, it is desirable that 
the rate of rotation of the work be increased,%o as to keep the 
work surface velocity at the wheel (‘dgo constant, but this is 
seldom done. 


Cup Wheel Machines.—Until comparatively recently cup 
or cylinder wheels of a nature suitable for accurate rvork 
wore difficult to obtain, but wdth their development the progress 
of machines employing them has been steady and rapid. Owing 
to the very largo area of contact the grit used must be large 
and the grade soft, and truing is usually done with a piece 
of hard carborundum block, as if the wheel is carefully trued 
with a diamond tool it is more apt to glaze. For such reasons 
the surface produced is marked, more or less deeply, by the 
circular marks of the cut, and is not of so high a quality as 
that produced by the edge of the wheel. 

Large cup wheels are very expensive, and wjieols built up 
of suitably shaped pieces of grit stone, held in a chuck, are 
used on large work. Artificial abrasive slabs are also used 
in such chucks, but for this work the gritstone at present is 
holding its position, for the'cost is very small gomparod with 
that of the artificial material. 

As the arc of contact—see Fig. 21—increases with the width 
of the work, the grade of the wheel should be softer the wider 
the work, and it is necessasry that the gr§,de should be right 
to prevent felazing or wearing away; hence it is necessary to 
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keep wheels of various grades mounted ready for use, even 
although one kind only of material is ground. 

The power required to drive a wheel effectively with such 
areas of contact is very high, although soft wheels are used, 
and the water supply must bo plentiful to carry away the heat 
correspondingly generated. Soda water is to be preferred to 
a soluble oil mixture, as owing to its ‘ thiimess ’ the wheels 
cut with rather greater freedom. Also the total amount of 
grinding solution (and the tank) should be large, otherwise 
its temperature rises undesirably when the work is continuous. 
In Fig. 125 is shown a view of the Pratt & Whitney Vertical 
Surface Grinder, which uses a cup whefl 14 inches diameter 
with a IJ-inch wall, so that work up to 12 inches wide (see 
page G4) can be done. The work is carried by the main 
slide A under th# wheel B, so that the geometrical accuracy 
of the surface depends upon the straightness of the main 
ways, and on the accuracy with which the wheel spindle is 
set perpendicular to them. The wheel is fed to the work 
by the use of the vertical slide C, so that the machine is 
simple, in that it only contains two slides and a spindle as the 
main parts. Mechanically it corresponds to a Face Milling 
Machine. The table has power feed, with two speeds, 
34 inches and 102 inches per minute, with reversing mechanism 
operated hy the stops, and one of which, D, can be raised, so 
that the table can be run beyond the stops for examining 
the work. At E is the hand traverse motion for the main slide. 
The viatical feed, which puts the cut on, is operated auto¬ 
matically by the usual type of mechanism, or by the hand 
wheel F, which gives the fine feed; rapid adjustment of 
position can be mado by the hand wheel G. The movement 
of the vertical slide is by rack and pinion, and the wheel head 
is held back by its weight being over counterbalanced by the 
chain H and a weight, the force being applied by the chain. 
The design of''the spindle is shown in Fig. 37, page 129; 
it will bo noticed that the spindle itself is relieved from the 
heavy pull of the‘driving belt, which is 4 inches wide, as the 
pulley runs on an independent bu^h, as is usual in drilling 
machine practice, (the spindle is hollow, and I'he water is 
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supplied by the pipe J through the spindle to the inside of 
the wheel. Owing to the porosity of the wheel, the water 
can be forced through it and spun off by the centrifugal effect, 
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and to prevent this the inside of the wheel is coated with 
bees’-wax. The water supply through the pipe shown at K is 
useful for washing grit ai^^warf from the table when setting 
work. “ I 

When ih use the guara snown at L is placed in front of the 



BUK^'AiJJll WltlJNJDlJNli 


UV)6 


machine, and slides ug and down in the slots M, N. When 
it is down work can be conveniently set, and when raised it 
catches the spray from the grinding. 

The machine is shown fitted with a removable rotating 
table P, driven from the shaft Q. For flat, circular work this is 
desirable, and it can bo tilted so that metal slitting saws can 
be hollow ground. For general flat work, for which the machine 
is essentially designed, a magnetic chuck fixed to the table is 
very desirable, as it saves a considerable amount of time in 
setting most work. 

In Fig. 12fi is given a view of the Iflanchard Surface Grinder, 
in which the work is carried on a rotating magnetic chuck A 
and ground by the cup wheel B. Tho magnetic chuck, with 
its spindle and bearhigs, are arranged to slide under the wheel, 
but merely for ptvposes of convenience in setting and examining 
the work, and not for traversing it. The water guards have 
been removed for sake of clearness and to show the measuring 
device (!, which consists of an Ames Indicator suitably mounted, 
and by which tin; thickness of the work is indicated at any 
time during the grinding, as it passes on the face of the 
magnetic chuck outside the wheel. The wheel spindle, shown 
in detail m Fig. 88, with its pulley and bearings, is carried on 
the slide 1), which is adjustable vertically by tho handle E, 
and can bo fed by power througli the change-speed box F. At 
G is the change-speed box for the rotation of the magnetic 
chuck, and above it at H and K respectively the valve handle 
for the water supply to the inside of the wheel, and a demag- 
netismg switch. The belt for driving the spindle is a 5-inch 
double l;e]t, the pulley being 14J inches diameter, and runs at 
1000 r.p.m for a lO-iuch diameter wheel; a 20 h.p. motor is 
recommended. 

Machines using very much larger cup wheels are used for 
grinding armour-plate which has been hardened, but haye 
few features 'bf interest other than their size. The largest 
size in use takes up to 80 h.p. Tho wheels used are of the 
inserted segment t;^e (see Fig. 10) and natural stone is 
employed. 

InPig. 127 is shoVn the Walker Single Stroke Surface Grinder; 
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in this the work is carried on a rotatmg magnetic chuck 
and ground by simply bringing the cup wheel down to it by 
means of the slide. When the surface is to be flat its accuracy 
depends geometrically upon the parallelism of the axes of the 
wheel and the work. As in other machines the work head, 
which is here carried in the lower knee, can be sot at a small 
angle to the wheel spindle, as it is pivoted by screws to the 
knee and adjusted about this axis by means of an adjusting 
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screw. In this machine only one slide is actually ^jecessary; the 
wheel can be raised by the lever, the work set in position, 
and the grinding done by simply bringing the wheel down upon 
it; but in order to make the machine into a more efiBcient 
manufacturing machine, the magnetic chuck with its spindle and 
tilting arrangement is carried on a second slide. In working, 
the wheel head is always brought down to onj position defined 
by a fixed stop: it is raised for removing,the work and setting 
the next piece and thenagafij brought down, gi-inding the work, 
to the same position. The knee carrying the work is adjusted ; 
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vertically, by a graduated hand wheel, to suit the thickness 
of the work and to compensate for the wear of the wheel; 
the work spindle pulley is driven from the vertical drum at 
the rear, and is made long for the purposes of driving in all 
positions of tliis vertical adjustment. The movement of the 
wlioel head by the lever always takes place over the same range, 
and controls the current magnetising the chuck, making it 
as it descends and breaking it as it rises. It also controls 
the rotation of the chuck by moans of a linkage, which 
clutches the drum on to the rotating vertical shaft by 
means of the clutch as the slide descends and withdraws 
the clutch as it rises. Thus a single movement of the lover 
alone is necessary to magnetise the chuck, set it rotating, and 
bring the wheel down until the work is ground to a definite 
size. 'J'he wheei pulley is driven by a belt from the pulley 
on the rear shaft. In the linkage is a stop, by moving 
which the clutch is not thrown out when the head is raised; 
the magnetic chuck then continues to rotate, and can be 
easily cleaned. The water tank, the supply nozzle, and 
discharge can be clearly seen. The machine illustrated is 
fitted with a ventilated magnetic chuck, the blower for which 
is driven by the small electric motor. 

Magnetic Chucks.—^Por the purpose of surface grinding, 
parts may be held in vices or by any of the devices which 
are usual in planer or shapor work, but for much work the 
most convenient method is by means of magnetic chucks, 
as previously mentioned. These hold tte iron or steel by a 
magnetic pull to the face of the chuck, ^id all else that is 
needful is a j|.top to prevent it moving in the direction of the 
cut. The pull takes place on to the surfaces round the gaps 
wherever the work is there in contact with the chuck; the 
pull is considerable, and unless the side of the work towards 
the chuck is ^rue, thm work is apt to bo sprung towards the 
chuck. 

When a magnetic chuck is set on a machine with its face,, 
true, or ground in poeition, work can be taken off and replaced 
with practically perfect accuracy,and no trouble, and parts 
can be duplicated as regards thickness with little difficulty. 
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The cliiof matter of importance is that the face of the chuck 
be swilled and wiped clean from grit before the work is set 
on it. The resulting saving of time is so great that a surface 
grinder for general use can hardly be considered to be com¬ 
plete without one, and in some machines, such as shown in 
Pigs. 124, 126, and 127, a magnetic chuck is built in as an 
integral part of the design. 

Fundanuaitally, a magnetic chuck is merely an electro¬ 
magnet with suitably shaped 
])ole pieces. In Pig. 128 is 
an explanatory sketch of a 
magnetic chuck. The current 
enters the chuck by the wire 
at A, circulates round the cen¬ 
tral part B indicated in the 
plan view', and leaves by the 
wire C; a switch for making 
and breaking the current is 
shown at I). When the cir¬ 
cuit is made, a number of 
closed lines of magnetic force 
arise in circuits, as indicated 
by the broken lines in the side 
view', up the central part B 
and along the top P, across 
the gap GG, down the sides 
H, H, and across the bottom 
to the central part again. 
The irregular shaped top PP, 
and the correspondingly shaped top of the sides ll, H, form the 
two poles of the magnet. The gap GG is tilled up with non¬ 
magnetic substance, usually white metal, so that the top 
of the chuck is continuous. If the chuck rotates the leads 
have to be carried to rings, and the current btought to them 
through brushes, similar to those of a small dynamo or motor. 

Any piece of steel put across the two f)oles is attracted 
to them, and forms an easier way for the magnetic lines than 
the non-m^gnetic gap does', so that the nhmber of lines con- 
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siderably increases as the way becomes easier. The pull on 
the steel part depends on the number of magnetic lines passing 
through it. 

Iron and steel can only accommodate a certain number 
of lines per square inch, so that if the part be very thin (say 
less than gV’nch) the number of lines through it may not create 



sufficient bolding force; hence thin pieces are more difficult 
to hold than thick, and may necessitate chucks of special 
design with ^arrower and more numerous gaps. 

The shape of the gap GG varies in different chucks accord¬ 
ing to the work^for wliioh they are intended ; circular chucks 
may have th’e gap arranged in many ways ^it may be a series 
of radial lines connected by arcs, or^a number of circles arranged 
concentrically or otherwise. 
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The coil of the chuck has to be ■wound to suit the voltage- 
of the electric supply; too high a voltage would overheat 
the coil in a chuck designed for a lower voltage, and might 
fuse the wires. Continuous current is almost always used; 
chucks can be made for alternate current, but are more com¬ 
plicated and do not hold so well; hence if the current supply 
is alternating, it is better to run a small continuous current 
dynamo to supply the chuck oiment. Very little current is 
needed, so that the low oificiency of the small dynamo is not 
a matter of much moment. 

There is a considerable amount of energy involved in 
the production of the system of magnetic lines, and some 
precaution is needed in breaking the circuit; a secondary 
resistance should bo fitted, or at any rate the switch should 
be of the quick break double pole type, is the magnetic 
lines rapidly decay on the electric circuit being broken, they 
produce an electromotive force round the win; circuit, which 
tends to generate a powerful but temporary current. 

High voltages should not be used, as the operator’s hands 
are usually wot, and shocks are thon severe. 

8oda water and oil are very destructive to (electrically) 
insulating materials, and it is necessary that the chuck should 
be quite waterproof, and no boles, tapped or otherwise, should 
lead to the interior, other than that necessary for the leads 
(wires conveying current to and from the chuck). The leads 
should be encased in a tube or lie within the machine, protected 
against injury from grinding solution or accident. 

In Pig. 129 is shown a magnetic chuck by the Walker 
Grinder Company; the interior is ventilated in order to 
prevent deterioration of the insulation by the grinding solution. 
The maeliine spindle A carries a chuck plate B, to which 
the magnetic chuck C is fastened. The ventilating air passes 
tlnough the spindle—which is hollow—at P, circulates in the 
chuck and escapes at the holes E, E, which hav6’gauze across 
them to prevent the entry of dirt. The current is conveyed to 
the qjiiuck coil through the rings G and H, oh which brushes 
rub. At P is some of the non-magnetic material in a gap in 
the ehuc^f^e. The forceef draught is usually produced by 
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i small blower driven .by a motor; such an arrangement is 
)hown in Fig. 127. 

In chucks of my design—one of which is shown in Fig. 130 
—there is no aperture whatever in the chuck face, the central 
lole being a blind one and used only for the insertion of plugs 
K) centre the work. The current is carried to the chuck by 
eads through the hollow spindle of the machine, and the slip 
rings are two small rings at the rear of the spindle, well away 
from grinding fluid and spray. 

Hardened steel work which has been held on a magnetic 
chuck is apt to remain magnetised. To remove the magnetisa- 
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tion it is necessaiy to magnetise it in alternate directions 
with a gradually decreasing intensity of magnetisation. Instru¬ 
ments for the purpose are called demagnetisers, and consist 
of an eleotro-magnet, with a revolving switch for alternating 
the current afld a resistance which can be gradually increased 
to a large amount, so as to reduce the current and the magnetisa¬ 
tion. For small numbers the parts can be simply rotated in 
a magnetic field, and then moved away from it while they are 
rotating. 

Metal Slitting Saws.— Tfie sides of metal slitting saws are 
usually grouml cup wheels on machines such as .are 
illustrated in Figs. 125 and 130, and are made slightly hollow 
so that the saw clears itself sideways. This can he done by 
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using the edge of the wheel as is shown in Pig. 119, page 282. 
and adjusting the setting of the work head so that the sid« 
of the saw is ground to the shape of a hollow cone; the cup 
wheel method has some advantages, and the operation presents 
some instructive points. 

Whenever giinding is being done there is some normal 
force between the wheel and the work; it is slight, but as the 
wheel runs off the work it tends to cut a little deeper, as it 
is not kept out so effectively as the area of contact lessens; 
thus internal work tends to bell-mouth, and the wheel should 
not be run very far out of the hole at either end. So in hollow 
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grinding metal slitting saws with the edge of the wheel, if the 
wheel is run off the teeth the slight hollowness may be lost just 
at the edge by the action of this small spring of the wheel| 
towards the work, so that the saw may tend to bind in the cutj 
when used. If, however, the wheel be not run off t'he saw—sj).ce^ 
the clearance at the edge depends on the straightness of the 
wheel—the result may be the same. When a cup wheel is used 
it is brought practically normally up to the face of the saw, and 
the grinding is done in that position; as it is’never run off 
the edge there can bo no rounding, and the relief is obtained 
with certainty. ' 

It should be noticed that this small action also affects 
such tools as twist drills; the edge along 'the flutes is ground 
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and made taper along.the length of the drill, the shank end 
being a few thousandths of an inch less in diameter than the 
lip, so that the drill clears lengthways. In grinding this edge 
(clearance is usually milled or ground at the rear of it) the drill 
should be rotated so that the rear of the edge strikes the 
wheel lirst; it tends then to spring out from the wheel a very 
little, so that when the cutting edge is being ground it is just 
a bit farther from the drill’s axis, as there is no time for the 
springing to return before the edge has gone past the wheel. 
The amount of this action depends on the springiness of drill 
and machine : it is always exceedingly small, but drills ground 
that way (it is unusual, requiring a left-hand grinding machine 
for right-hand drills) cut a little more freely than if ground 
using the customary direction of rotation. 

If the sides *f a saw are ground by the first method, the 
angle of the side is constant—that is, a line drawn from the 
centre to the outside of the saw surface is straight; but when 
ground by the cup wheel method the line will be a circular 
arc. For the same clearance this leaves the centre of the saw 
much thicker, which is desirable, and since it removes less 
metal the grinding can be done more quickly. 

That the shape of the ground surface in this case is spherical 
is not difficult to see. Lot ABCD in Fig. 131 be the edge of 
the wheel face and EF the axis of the wheel spindle, and let 
the work axis be FG. In the macliines these are in one plane, 
and intersect at the point F. Since EF is a perpendicular at 
the centre of the circle ABCD, then all the hues FA, 1B, 1C, &c., 
are equal, and hence as the work revolves round FG all the 
lines frojn F to the ground surface are equal—that is, the 
ground surface is a piece of a hollow sphere, and therefore any 
plane section, radial or not, of the ground surface is a circular 
arc. 

The sketch shows FG to miss the circle ABCD, which is 
the case of a*saw with a raised collar at the centre; usually 
there is no collar, and the wheel is set so that the circle ABCD 
passes across th5 hole in the cutter. . • . 

The advantage of this spherical clearance is shown m 
Fig. IIB, where it* is much exaggerated; the full line PQE8 
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shows a saw with the spherical clearance, and the broken 
line from Q a straight (conical) relief. The spherical clearance 
gives a greater relief at the edge, and at the same time the 
centre of the saw is thicker. 

In the figure the saw is shown held on a drawback expanding 
collet, which is the best method for the roughing operations. 
The saw is first placed on the collet 0, and the latter expanded 
by the screw B. The collet carrying the saw is then drawn 
into the spindle by the screw A, operated from the rear of the 



spindle, until the saw comes against the face plate F. Owing 
to the warping in hardening the saw usually will not touch 
the face plate all the way round, and it is packed where necessary 
with paper, until on drawing the saw up tightly to the face 
plate all is firm. After grinding this side is practically true, 
and will need no packing when reversed for grinding the other 
side. Although the saw is hollow where groun*d, no packing 
piece is really essential, although one is used sometimes. 

The resultant cut of. the wheel passes fairly close to the 
collet, and it acts as a stop. I have ground the sides of circular 
cigarette knaves 9 inches diameter by tV ^iich thick, with a 
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|-ineh central hole, holding them in this manner firmly under 
a heavy cut. 

After a saw has been roughed out, the best means of holding 
it for finishing is by moans of a magnetic chuck. If a magnetic 
chuck be used initially the saw must be reversed a number 
of times, and a small amount of stock removed at each. For 
when a thin untrue piece of steel is placed on a magnetic chuck, 
the pull all over its face pulls it flat against the chuck face, 
straining it. When the exposed side has just been ground 
it is true, but immediately it is released from the chuck it 



Fia. 132.— .Secondary Pieces on Maonetio Chuck 


springs back, and the ground face becomes untrue. This 
repeats itself at each grinding, but the amount gradually 
diminishes, so that the ultimate result is satisfactory. 

Such precautions are to be taken when magnetic chucks 
are used for holding any springing parts for grinding. 

Secondary pieces can be set on the top of a magnetic chuck, 
and themselves become conductors of the magnetic lines, and 
so magnetic. These are frequently useful, for example in 
grinding a strip square, as is shown in Pig. 132. Here the 
Chuck AB carries the secondary piece C, of which the holding 
surface is square with its base, set on it, and which holds the 
work DEPG by the faqp DE. Short pieces of wire H should Jbe 
placed underneath the work at G. The pull of the piece C 
strains the work in a horizontal plahe, so that when the piece 
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is released after grinding the top EP,. this surface is still flat, 
and can be used for holding the piece magnetically while the 
other sides are ground. At K is a stop to prevent side motion. 
The piece C should have saw cuts, the ends indicated by the 
broken lino, to direct the magnetic lines advantageously. 

Disc Grinders.—Work of a somewhat lower degree of 
accuracy can be done rapidly and conveniently on disc grinders. 



Fio. 133 .—Disc tfitiNDEH— Haui’Isb, Sons, & Bean 

and one such by Messrs. Harper, Sons, & Reap, is illustrated 
in Pig. 133. In these machmes the grinding is done by a 
sheet of emery cloth glued upon a steel disc, which is rotated 
at a very high speed. As steel is stronger in proportion tp; 
its weight than is the material of an emery yheel, the discs 
can be run at a higher speed, gaining the advantages so involved.' 
Peripheral speeds of 7500 to 8500 feet per i^inute are used. 

•The surface speed diminishes with idie radius, so that the 
inner part of the disc is not so effective as the outer portion. 
The circles', of cloth or paper, coated with suitable abrasive. 
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material, are glued to the steel disc and kept in a press, which 
is a necessary part of the equipment, while the glue sots, so 
that the abrasive surface is flat. In coating the fabric with 
abrasive more or less glue may be used, as with the bond 
in wheels, producing circles of different grades. In use the 
circles cut best initially, gradually lessoning in efficiency; 
finally they are removed by soaking in hot water. 

Generally these circles are coated uniformly with abrasive 
of one grit (usually 16 to 24 for cast iron, and 24 to 60 for 
steel or brass), but when the work presents a considerable 
amount of surface to the grinding disc—and especially if this 
surface is unbroken—^it is better that the abrasive be distributed 
in some pattern, presenting lines of abrasive and free space 
alternatively. This reduces the actual area of contact, and 
also provides pl«aty of room for the swarf. The Besly 
Company supply discs in which the abrasive is arranged in 
1 a spiral line; other firms have patterns in which different 
abrasives alternate. 

Owing to the use of glue in the preparation and mounting 
of the circles, water cannot be used in the grinding, which is 
accordingly done dry. The heat produced is often considerable, 
and may cause the finished work to be objectionably distorted ; 
this, however, can easily be avoided by grinding m two or three 
operations. 

The accuracy of the flat surfaces produced is dependent 
on the flatne.ss of the grinding disc, and is of the order of one 
thousandth of an inch, while an accuracy of dimension between 
one and five thousandths of an inch is to be expected. 

The work may bo presented to the disc by hand only, or 
use may be raaue of the work tables, such as are shown in 
Pig. 133. These are adjustable as to height and as to distance 
from the disc, and are balanced. Any work, while it is being 
ground, must be moved across the face of the disc, so as to 
distribute the -vJear evenly. This is done by swingmg the 
work table on the shaft upon which its carriage is mounted: 
the shaft must be’parallel to the wheel spindle in order to 
secure satisfactory results. 

The left-hand, table in Fig. 133 edn be canted at .an angle. 
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so that work can be ground to a bevel easily. The work is 
placed upon tho table, held in position, and pressed against 
the disc by hand only; this is only suitable for small quantities, 
or where little material has to be ground off. When the 
work is more severe, the right-hand work table—which is fittedl 
to slide towards the wheel, and is moved by the lever below! 
it—^is used; the work is carried on the table, usually in a jig,; 
and the extent of the grinding is controlled by an adjustable! 
stop. In Fig. 134 is shown the stop of the Besly Disc Grinder.' 
The actual stop screw AB is hollow, and can be firmly clampec 
by the locking screw C. The screwhead A is graduated, an 
the reading is taken against tho edge of the plate D. InsK 



this screw is a second screw EP, which limits the grindmg 
when its end F comes in contact with the fixed abutment; 
by slacking it back the grinding is allowed to proceed gradually 
until the end B of the actual stop screw AB is left in contact 
with the abutment, the work being then ground to size. 

Disc grindmg is usually done from the rough, and the 
allowances should be as little as possible. '^In machining 
cast iron it is necessary for the tool to get well under tho skin, 
especially if the work be not pickled, and accordingly a 
machining allowance of J inch is given, even on small work; 
for grinding this is unnecessary, and from inch to i*), inch 
is ample. The same, or less, is satisfactory for brass or bronze 
cactings. Drop forgings usually need^ a allowance. 

Stampings vary considerably; frequently, however, the surface 
need merely be cleaned up* and made truel 
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To reduce the amount of material ground oft, surfaces 
should be recessed wherever possible; this makes the grinding 
much easi(>r, as room is provided for the swarf, and it may be 
essential to the success of the process. The small difficulty 
of machining narrow surfaces which occurs in planing does 
not here exist; an extra core is, however, sometimes needed. 

The simplest mode of producing a flat surface is to hold 
the work to the wheel by hand, allowing it to take its own 
seating on the grinding surface. This presents one of the 
principal advantages of this system of grinding—namely, that 
the surface is cleaned up with the removal of the least possible 
material a;.d in the least time, for as the major prominences 
are ground off the work reseats itself. In manufacturing so 
many surfaces have merely to be cleaned up and made flat 
that flu* point is^mportant. 

In Fig. 13,') is a di awing of the Besly Vertical Spindle 
machine, which takes a disc 53 inches in diameter; heavy 
articles rest upon the surface by their weight only, and being 
prevented from moving round, have the lower face ground 
flat in the most economical manner. Using a largo disc 
with surface sufficient to accommodate a large number of 
articles, the labour coat of grinding tbem may be reduced 
to little more than that of placing and removing them. The 
method is common in optical work, in which the parts are 
loaded, as they are light. 

In order to secure the above advantage, when work has 
to bo held in a fixture carried on the sliding work table, the 
work holder should bo of the floating type. An illustration 
of such a jig, by the Besly Company, is given in Fig. 186. 
An angle plafe is carried on the w’ork table, and carries the 
work holder by means of a ball-and-socket joint, so that the 
work can accommodate itself to the grinding disc. The ball 
is pulled into its socket by a spring,-and the work bolder 
is tilted conveniently by another which forces its lower edge 
towards the wheel. 

Although-the *dis 4 grinder affords a^ convenient meansi of 
doing various work in the tool room and fitting shop, the fact 
that no trumg is required rendefs the process auitable for 
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comparatively unskilled use, and it is well adapted for quantity 



manufactuijng. The process shows its greatest economy on 
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small parts which can be ground in a minute or less, and 
accordingly efiScient jig design is essential to obtain the best 
results. 

As tho force on the work is moderate, and is downwards 
and outwards from the disc, it is frequently possible to arrange 
tho jig so that no clamping is necessary, tho work being merely 
dropped on to tho locating points. Where the grinding time 
is very short, work carriers, which can be loaded with a quantity 
of w'ork, and then placed in tho machine, can be arranged for. 



Fra. 136.—lYoATreo Wokk Holder—Bbsly 


Convenience and simplicity—for there is plenty of grit about 
—are the chief considerations. 

Whe” the area to be ground, or its over-all dimensions, is 
considerable •for the size of the machine, the work may be 
carried on a rotating work holder, consisting of a spindle 
carrying the work by means of a face plate or magnetic chuck. 
In order to produce flat work the spindle axis must be set 
accurately parallel to the disc spindle. The arrangement then 
becomes geometrically equivalent to that of the machines ^of 
Figs. 126 and 12?. In Fig. 137 is shown a Besly Disc Grinder 

fitted with such a rofkting work head. 

Thin work majs be distorted J?y being clamped in a jig, 
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so that after being released the ground surface is not flat; 
in such cases, as in those whore the distortion is caused by 
* temperature effecl.s, the surface may be corrected by being 
held lightly against the wheel by hand. 

When a considerable amount of metal has to bo removed 
cup wheels are more economical than cloth or paper discs, 
but the work has then to be fed or rocked right across the 
edge of the disc. In Fig. 138 is .shown a Guest Double Head 
Grinder, which illustrates a further point. When two parallel 



Fio. i;)7 .—Rotatinu Wouk Head on 
Besia' (Jkinder 

surfaces are to be produced on the work they may be ground 
at one operation by the use of two wheels or discs'. The work 
IS carried by a jig mounted on the table on th(»: front of the 
machine, or stretched between the wheels to a similar table 
on the other side. In the former case rotating fixtures with 
several work holders are convenient, the parts being inserted 
at the top, carried across the wheels and ouWagain by the 
motion. In the latter case a roughmg and a finishing cut can 
be given by adjusting the screws seen at the «nd of the wheel 
head, so that the wheel spindles are very sMghtly out of parallel. 
The wheels are fed up independently, so that the wheels cut 
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equally, but it is best that the jig should permit the work a 
slight lateral movement to ensure this. 

The work from disc grinders presents the curved marks 
of the path of the cutting particles, and these are sometimes 
considered undesirable. They may be polished out or, instead 
of a disc grinder, a belt charged with abrasive, or an emery 
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cloth band, running over pulleys (see Fig. 184) may be used. 
The belt is supported by a flat plate where the grinding takes 
place so that the work is flat. Such an arrangement, however, 
is not nearly so efficient as a disc grinder. 

The time occupied in grinding such work as is suited for 
disc grinding) depends largely upon the article itself, and no 
general rule can be given; the process should be considered 
whenever there are small surfaces to be machined or cleaned 
up flat on work which can be easily jigged. 


CHAPTER X 

i, 

HHARI’ENING OTITTERS AND TODIN 

In General.—The Hliarponing of milling cutters and other 
tools is an essential part of the work of a manufacturing shop, 
and a number of machines are on the market for the purpose. 
If the edges of a cutter’s teeth become dull they rapidly become 
much more so, hence frequent sharpening prolongs the life of 
a cutter, very li( tie heing ground off each time. Some cutter 
makers stamp this advicss on their productij, considering it 
so important. Owing to the diverse forms of the cutters and 
various modes of presentation of the edge to the grinding 
wheel, a considerable number of movements or adjustments 
are necessary in a machine which will meet all demands, and 
cutter grinding machines vary from simple forms to sharpen 
a few of the more generally used types of cutter to Universal 
cutter grinders which, in addition to sharpening all standard 
types of cutter, will do external, internal, and surface grinding. 
Some machines normally are adapted to sharpen a few types 
of cutter, and by the addition of various attachments the range 
can be extended as desired; this is an arrangement alluring 
to optimistic small firms, although the initial cost is higher 
than that of a simple machine. 

The amount of metal removed in sharpening a cutter is 
small, as it is only along the edge, either in frontf of, or at the 
back of the tooth that grinding takes place, and as the work 
is so small the machines need not be very substantial. It is 
this fact apparently which tempts designers into the employ¬ 
ment of unnecessary and very undesirable anfcunts of over¬ 
hang, which not only tend to inaccuracies initially, but lessen 
the .life of the machines from wear and thfc extra difficulty 
of the dust protection. It is the best practice that the parts 
moved in gassing the cutter across the wheel should be as 

314 
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light as is consistent " ith reasonable rigidity, so as to secure 
sensitiveness; the rest of the machine should be substantial, 
so as to minimise vibration. 

Machines intended to grind the shanks and holes of cutters 
and for manufacturing small parts require to be much more 
rigidly and accurately built than if intended for cutter 
sharpening only ; otherwise they will not size the work easily, 
and will lead to various other troubles. It is also desirable 
that the use of wai.er should then be provided for, and such 
machines conveniently fill a place in factories where little 
general machine grinding is done. 

For convenicuico most cutters are ground dry, and as it 
is of first importance not to draw the temper of the edge, 
the wheel must be of a soft, free-cutting grade. For the same 
reason th(! cut^must bo light and never forced. The wheel 
must be kept clean and never become glaz('d or smeared with 
the thick oil from a cutter. I'he wheel face used should not 
be too wi(l(!, as this increases the rate of production of heat. 
Cup wheels may be bevelled inside to reduce the width in action. 
In cases where water is used the same precautions are still to 
be taken, as the use of water docs not prevent the heat from 
being generated; it only keeps the work cool by abstract- 
,ing the heat from the metal. This takes a certain small 
time, and if the heat is not conducted away sufficiently 
rapidly the temper of the tooth is drawn by the increasing 
temperature. Unless the water is guided right on to the 
grinding point it is practically useless. Wheels of a soft grade 
suitable for cutter sharpening are now easily obtainable, and 
trouble arising from hardness of grade is almost a thing of the 
past. The ule of water, although in several ways inconvenient, 
has the advantage that rather harder wheels, which keep their 
shape longer, may be used than is possible in dry grinding. 

Types of Otitters. —For the purpose of sharpening, cutters 
may be divided into two classes: (1) those sharpened on 
the back of the Cutting edge, so that the clearance is produced 
by the grinding, an3 (2) those sharpened on the front of the 
face forming the edge, chiefly in order to preserve a particular 
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shape of tooth, and in which the clearance is produced by 
relieving in the manufacture of the cutter. 

The first class may bo further subdivided into (1) parallel 
cutters with straight or spiral teeth, (2) angular cutters, face 
cutters, rose reamers, and end mills. The second class includes 
formed cutters, gear cutters, taps, and reamers when sharpened 
on the face of the tooth, and also formed tools for lathes— 
whether circular or flat. 

Clearance.—In Fig. 139 is a sketch of the teeth of these 



cutters; that of the first type is shown at A. The face angle 
BAG, where B is the cutter axis and CAD the tangent, is almost 
always 90°, although it may be, and generally is, less when 
inserted teeth are used ; for reamers it may be a little more. 
The clearance angle DAE, at the back of the e’dgo between 
the tangent AD and the cutter surface AE, is produced by 
grinding the facet AF, the width of which is termed the ‘ land.’ 
This should be narrow, and should not exceed J inch on 
cutters up to 6 inches in diameter; for reamers*to be used on 
steel the width should be about inch, and for those 
intended for cast iron or bronze from.jly inch to inch, 
With these small dimensions it is impossible to judge the 
angle closely by eye, and 'to obtain satisfactory results a, 
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reliable method ot securing the correct angle of clearance must 
be employed. 

A tooth of the second class is shown at G, and is supposed 
to have some particular section which it will produce on the 
work in milling. The clearance behind the cutting edge is 
here fixed by the curved arc, and is produced in the manu¬ 
facture of the tool. When dull the cutter is sharpened by 
grinding the front GH of the tooth. It is usually arranged 
that the face of the tooth is ground radial, as the section 
of work produced is then easily maintained accurately. 
When a tooth gets dull and rubs, the edge is worn away as 
indicated by the broken lino JKP on the first tooth, and 
LM on the second; it will be noticed that, if there is much 
rubbmg, in cutters of the second class a very considerable 
amount of thc»face GH has to be ground away to bring the 
edge up sharp. The tooth of the first class is not damaged 
so seriously. The broken lines indicate the amount to be 
ground off in sharpening in the two cases. It is therefore to 
formed cutters and gear cutters that the recommendation to 
keep sharp particularly applies. 

Principles of Cutler Sharpening.—In sharpening cutters of 
the first class either the edge of a disc wheel or the face of a 
cup or dish wheel may be used, sometimes one and sometimes 
the other being the more advantageous. Whichever is used 
the clearance must be formed by the motion of the wheel, 
and not allowed to be dependent on the shape to which it 
wears. The correct methods are illustrated later, but attention 
is called here to Pig. 140, in which are shown incorrect methods, 
where tlte clearance obtained depends on the wear of the wheel. 
The cutter is supposed to be moved perpendicularly to the 
plane of the paper, and the clearance depends both on how 
the wheel is trued and how it wears afterwards. At the top 
AB is shown ^he edge, and at the side the face CD, of a wheel 
in use, both incorrectly apphed. The broken lines indicate 
how the wheel wears and the effect on the cutter edge. In 
the example of the*cup wheel it is the back part of the > land 
which is chiefly affected ; but if the cutter tooth faced upwards, 
or if it were being* sharpened at tihe top of the wheel, it would 
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be the cutting edge which would be rounded. So that the 
position shown is the best to use, lest the wheel face at C should 
bo too wide. 

As the clearance on this class of cutter is produced by the 



grinding, the ‘ setting ’ of the machine to obtain the correct 
amount is important; for if it is insuflRcient the cutter does not 
work freely, and if it is too much the edge does not stand up 
IS long as it ought to do. In practice {jhe error is always 
nade on the side of too much clearance, as too little leads 
.0 immediate trouble. 
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Hardly any cutter grinders are provided with efficient 
means of securing the correct clearance, although sharpening 
a cutter at different angles at different times implies that 
more is ground off than is necessary to sharpen the cutter. 

Amounts of Clearance.—From experience with lathe tools 
it is known that 3° is sufficient clearance, hut as cutters have 
frequently to be fed into tho work normally to the surface, 
and this feed is equivalent to reducing tho clearance, it is 
well to regard a cutter as requiring rather more clearance, 
say 4° or 5 °. The ideal amount would depend upon tho 
material and upon the particular work. In sotting up a 
machine to grind tho clearance a further allowance must be 
made for small errors of adjustment, so that the actual clear¬ 
ance prouucod m,'^; not be too small; for this reason the ‘ charts ’ 
of settings whieft give the amount of adjustment necessary are 
usually based upon a clearance of from 5 ° to 9°. Such a chart 
for edge wheel grinding is given in Table X, page 434, with 
a corresponding chart for face wheel work in Table XI opposite 
to it. Because of the effect of errors of adjustment, it is well 
to set small cutters to receive the larger angles of clearance, 
and large tools, in which the effect of these errors is relatively 
less, for the smaller angles. Eor face cutters 3° is sufficient. 

Secondary Clearance.—Besides this normal clearance im¬ 
mediately at the back of the cutting edge it is sometimes 
necessary to grind a second clearance, of an increased angle, 
a little farther back, as is shown in Pig. 141. For the width 
of the land increases with each sharpening of the cutter, and 
as it de.'s so the chance of drawing the temper of the edge 
in the opor 4'on increases. Before tho land becomes large 
(say over J inch) it is well to reduce its width by grinding this 
second clearance of an Increased angle a httle farther back. 
Also in reamers, where the land must be very small—else they 
will not cut well—^this second clearance is ground. It is 
shown in P'ig. 141, where A, B, C, D, E, F are points of the cutter 
teeth, AG the toowide land, which is reduced to AH by grinding 
off the shaded portiffii HGK by means of the wheel LMHK. 

For the sake of.clearuess the is exaggerated, but it 
shows that a comparatively small wheel is necessary to grind 
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this cloaranee, and yet to miss the next tooth B. This second 
clearance or relief can, however, easily be ground by using a 
dish wheel, such as is shown operating on the tooth P, grinding 
away the part PQB, and reducing the land from 1)E to DQ 
without endangering the cutting edge of the next tooth E, 
or it may bo ground by tho method explained on page 335. 
The figure (141) shows the tooth 0 before grinding and the 
teeth E and P afterwards. The angle of the secondary clear¬ 
ance is not important; after it has been ground tbe cutter 



can be resharpened at the normal clearance angles for a number 
of times. 

• The simplest form of cutter grinder consists of a wheel 
head, a cross slide for approaching the whe^ and work, 
a means of travelling the cutter relatively to tho wheel, and a 
tooth rest for locating the position of the tooth of the cutter. 
With the addition of a tooth rest a Plain or Universal Grinder 
will serve to sharpen certain classes of cutters. ‘In some cases 
cutters are best indexed round by a division plate on a live 
spindle in the work head, but not frequently; and in this case 
a tooth rest is not required. 

Parallel .Cutters—with Holes.— Generally the cutter is. 

I 
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traversed past the wheel by means of a slide, but in the particular 
case of cutters having a parallel hole they may be traversed by 
sliding them along a parallel mandril. This method is only 
applicable to cutters of uniform diameter on the outside, for 
however the wheel and tooth rest are placed, the distance from 
the axis to tho ground tooth edge is the same all along the 
cutter. The great advantage is that the method produces 
parallel cutters without a chance of error in setting, and when! 


parallelism is important, as it 
so often is, the method should 
be used. The cutter may 
either bo niovod along a paral¬ 
lel mandril fitting its hole or 
may be mounted on a collet 
sliding along a b^’r. 

Fig. 142 shows a cutter in 
position for sharpening, using 
this method, on the Loewe 
cutter grinder; Fig. 148 shows 
a parallel inserted tooth cut¬ 
ter being ground on a Landis 
Universal machine, the main 
slide in this case traversing tho 
wheel over the cutter, and here 
the table must be set parallel 
to make the sharpened cutter 
parallel. 



Fio. 142.—Mhakpewno Paballei. 
Cutter—Lud. Loewe 


Parallel Cutters—with Shanks.—Parallel mills with shanks 
may be .jharpened in a similar manner, the shank being belli 
in a mandril (Pinch itself slides through a hole in a small head- 
stock. The face of the tooth being sharpened is kept in contact 
with a tooth rest in the usual manner by twisting the knurled 
handle of the mandril. A plan view of the arrangement is given 
in Fig. 144; th^cutter A is carried in the shaft BB, which slides 
and can rotate in the bracket C; the shaft BB is hollow so that 
the cutters can b^ easily removed. This arrangement was^ari 
attachment on the cutting grinders which I used to make in Bir¬ 
mingham, l;ut, although it is useful, J have not seen it elsewhere. 
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Tooth Rests. —To locale the tooth of a cutter in the correct 
position and to hold it there, tooth rests, consisting of steel blades, 
usually adjustable, are necessary. These may bo attached 
either to the wheel head, where they are set to act on the cutter 
just in front of the wheel, or they may bo carried on the 
support of the cutter. In the former case they may be used 
for all kinds of cutters, but in the latter only for cutters where 
teeth are straight. The latter is preb'rred where it can be used. 
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since tlie cutler tooth does not, in its motion, slide along the 
tooth rest as it does in the former case. The construction of 
the tooth rests for the two case's is a little different. 

Fig. 143 shows a tooth rest carried on the wheel head ; it is 
set in front of the wheel All, and the central part ODE must be' 
wider than the w'heel, and should be quite stiff and rigid. It 
IS shown swivelled to match the angle of spiral of the tooth of a 
cutter GH, which is shown in section above the tooth rest. On 
each side of CDE is a strip KL, MN, ma<le ’thinner than ODE 
so as to spring easily; the top KCDM should be smooth and the 
corners slightly rounded. • As the cuttef’ed^e GH slides over. 
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the top of the rest the grinding takes place; when H has 
got clear of CD on to K (the slide stop being set so that it 
does not go beyond it), the cutter can be turned, springing KL 
to K'L alongside the wheel as shown in the end view, 
allowing the next tooth to come on to the top of the rest, 
and not damaging the rest by springing the part CDE into the 
wheel. One side, KL or MN, may be omitted, and the cutter 
turned when at the other end only. 

When a tooth rest is carried on the work table and moves 
with the cutter, it will be cleai’ of the wheel when the cutter is 



turned to bring the next tooth into position, and so consists 
sinqply of a strip of steel sufliciently thin to spring easily as the 
cutter is turned, but sufficiently rigid to support it finnly when 
in actk.i. The blades should bo easily replaced, as they afe 
apt to get daAag^'d by unskilful use, since they go close to the 
wheel. Such tooth rests are seen in Pigs. 156 and 162. As 
the parts are rather close together it is well to traverse the 
cutter slowly across before actually grinding, to ascertain that 
all is right. • 

Both types of tooth rest need mounts so that they can be 
easily adjusted ; these are seen clearly in Pigs. 157 and 162. 
The nuts and locking parts should be case-hardened, as an 
adjustable tooth rest which will noji adjust is dangerous to the 
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temper—not of the cutter only. In certain oases it is impos¬ 
sible for the simple spring blade to be at once sufficiently 
flexible and rigid ; a more expensive hinged blade must then 
be used, as is shown locating a gear cutter in Pig. 159. 



Flu. 14.5. —Tooth Re.st kob Spiiul Teeth 

< 

The clearance ground on the cutters of Class A depends as 
a rule on the position of the edge of the tooth, and hence on 
that of the tooth rest which fixes it. To see how to adjust the 
tooth rest position, first consider the case of a batter ground in 
a Plain or Universal Grinder, using a disc wheel as in Pig. 146, 
whjch shows an end view. If A be the axis 6f the cutter BCD, 
of which B is a tooth point and E the centre of the wheel 
BFG, thei} B must be off the line of eantres AE, and the 
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farther it is from AE the greater the clearance which will be 
ground. 

Setting for Clearance with Disc Wheels.-- The angle of 
clearance is the angle at which the edge of the wheel cuts the 
circle round the points of the cutter teeth, and this is equal 
to the angle EBG. In very simple cutter grinders and in 
Universal grinders there is only an adjustment of the points 
(lines) A and E towards one another, and the position of B 



i'Ki 14fi.—S etting for Ceeaeance in Universal Orindeh 


below (or above) AE for a desired clearance depends on both 
the diameter of the wheel and of the work. The tooth rgst 
BH is .'.djusted vertically and set to keep the tooth point B in 
position. This position is usually determined by eye, but the 
length of the land is normally so short as to make it difficult 
to judge correctly. 

For a defiijjte angle of clearance, EBG, the angle EBA is 
fixed, and if a gauge be made of this angle, its point would 
indicate the con;pct position of the tooth point B when its 
sides passed’through«A and E respectively. To make it e&sier 
to use, the sides might be stepped back by the radius of the 
.mandril or work head centre AM*, and by the rsPdius EN of 
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the end of the wheel spindle and the apex B consist merely 
of a sharp point, so that the gauge would take the shape of 
the figure shown in broken lines. When its edges rested on 
the mandril (or centre) and the spindle end respectively, its 
point would indicate the correct position for B, and the tooth 
rest could be adjusted with certainty. If the point B be made 
adjustable, formed on a plate PQB on the gauge plate, it can 
be set so that EN and AM hav(‘ any values, and will therefore 
suit any spindle diameter and any mandril diameter. 

In a machine with only the movements of a ‘ Universal ’ 
(irinder, not only is accurate sc'tting difficult, but the tooth 
rest must have a different height from the table for each 
diameter of cutter; furthermore taper cutters or reamers 
can only be sharpen(‘d by using a cup wheel (otherwise the 
edge is not straight), and lace cutters cannot ‘be ground with¬ 
out special attachments. To meet the requirements of more 
easy setting, cutter grinders have an additional vertical adjust¬ 
ment, and usually, to permit cup and dish wheels to be con¬ 
veniently used, an angular adjustment round a vertical axis, 
besides adjustments, for making some settings still more 
(onvenient, which vary with particular machines. 

The terms ‘ vertical' and ‘ horizontal,’ it must be remembered, are 
used for the sake of e1earnes.s, as in the great majority of cutter grinders 
the movements are arranged so that these terms, as used in the text, 
are correct. Generally, however, they refer to planes and lines at 
right angles. 

As illustrating different types of those machines, views are 
giyen in Fig. 147 of the upper part of a Cincinnati Cutter 
Grinder, in Fig. 148 of a Brown & Sharpe No. 3 size, and in 
F'ig. 149 of the No. 1 size of the Univiirsal Cutter tirinder, which 
I used to make in Birmingham. In Fig. 147 the main slide 
movement is in the line AB, and is operated by the handle C 
or lever D, through a vertical shaft; the cross slide is in 
the direction EF, and is operated by the handle G, for the 
movement of which a graduated disc is fitted. The vertical 
adjustment is made by means of the handle H, which raises 
or lowers the vertical piece JK, which carries with it the main 
slide and fittmgs; the amount of tliis adjustment is indicated 
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In the Blown & Sharpe Cutter Grinder, shown in Fig. 148, 
the main slide consists of a cylindrical bar A, which can slide 
in bearings, one of which is seen at B, and it is prevented from 



Fio. 148.— JIKOWN & Sharpe Outteb Urinder 


rotating by a stop which slides in contact with the hardened 
steel bar C, the edge of which is set parallel to tlie bar A. The 
cross slide is seen at I) and the movement is controlled by 
thejiand wheel E, which is graduated. »The'wheel head P is 
bridged across the cross slide for purpdses of dust protection 
and stiffness. The vortieal adjustment above mentioned 
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is provided for by the action of the knob G, but there is no 
swivel adjustment of the whole about a vertical axis, and 
hence the regular run of cutters are sharpened with a disc 
wheel, and a cup wheel is not used for this purpose. The 



* 
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swivel head H has an angular adjustment about a vertical .axis; 
tills correspoi^s to the swivel adjustment of the table on a 
Universal Grinder, and to both the swivels of the table Q and 
head R in the Cincinnati Grinder. ^Tien work has to be 
held between the centres, a rod carrying one fixed and. one 
adjustable centre is gripped in the swivel head H, set to the 
angle of the reame'r or tool, and traversed by tha main slide. 
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At J and K are seen the grips for the tooth rests, the former on 
the work head and the latter on the wheel head ; on the work 
head a surface is formed level with the axis above the plane 
of rotation of the swivel head, so that the tooth rest carried 
on the work head can easily be set level with the centre. The 
machine illustrated has a self-contained drive from the motor. 

For grinding parallel cutters with holes in them a bar is held 
in the swvel cutter head and also at the other end of the machine, 
and the cutters are moved along it by hand -either littiugthe 
bar directly or indirectly by means of a collet—so that they 
are ground parallel by the principle described above. When 
the main slide is moved a small lever is attached to it for the 
purpose, but this is not shown in the figure. Pace and end mills 
may bo sbarpened when held in the swivel cutter head, but as 
sometimes this is inconvenient owing to intejrferonce of the 
disc wheel with the next tooth to that being ground, a compound 
swivel head, presenting the teeth to the wheel in the method 
illustrated in Fig. lii'i, is generally used. 

The Universal Cutter Grinder shown in Fig is 149 designed for 
cylindrical and surface grinding as well as for cutter grinding, and 
is shown set up for external work. The main slide A is traversed 
by the hand wheel B for regular work, but for fine feeds used for 
facing, snap gauges, &o., a fine feed, operated by the hand wheel C, 
which is graduated, can be thrown in. The cross-feed is by an 
ordinary slide, and is operated by the graduated hand wheel D. The 
vertical adjustment is by means of the knee E, the elevating hand 
wheel 18 at F. The swivel adjustment to provide for the use of cup 
and dish wheels in sharpening ordinary cutters is here obtained by 
swjvelling the wheel head G round, but the axis is inclined at the 
standard angle of clearance. The effect of this is that in the position 
shown the wheel spindle is inclined at the standard Sngle of clear¬ 
ance, but if the head G be turned through 90° about its axis U, 
in either direction, so as to bring either the main spindle or the 
internal grinding spindle into its working position, the wheel 
spindles become horizontal. The table H has a swivel adjustment 
about the vertical axis ef, and the top of the work head J swivels 
about the vertical axis gh, but no extra swivel corresponding to the 
graduated circle W of Fig. 147 is fitted, bjing now unnecessary. 
The advantage of making the axis M inclined Is described later. The 
machine is shown fitted with sflf-adjusting guards for wet grinding. 
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Simpler cutter grinders than these are made by omitting 
one or more of the motions, with a corresponding reduction 
of the types of cutter which they are adapted to sharpen, 
and with an increase in the difiiculties of setting. Tlie great 
advantage of a v('rtical adjustment, accurately graduated, 
is that the clearance angle can be obtained by setting from 
a table such as No. X, and as the setting depends on tho 



Fig. l.W.—S kttino koi: Clearance with Di-tc VA'ueel 


wheel diameter (for disc wheels) only and not on the cutter 
diameter or angle, the sotting is not changed in sharpening 
various cuttms, but only as tho wheel wears. 

In Eig. 150 is shown a diagram of the usual arrangement, 
lettered in the same manner as Eig. 140. Here the front B 
of the tooth being ground (and the tooth rest) is ‘ level ’ with 
A, and tho wheel centre E is so much higher that the angle of 
clearance, EBG, is obtained. 

The amount JlG by which the cutter axis A is set below the 
wheel axis E to secure’the angle of clearance, a (- EBG), now 
depends on the dialneter of the wheel only, and is jiot affected 
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by the diainotor of the* cutter. For if A' wero the centre of a 
smaller cutter RO'D' the same clearance would be ground on 
the tooth. Hence, if the machine table, with the headstocks and 
centres, is set vertically correctly for one size of cutter it is set 
correctly for all. The only adjustment neces.sary is to and 
from the wheel (horizontally) to accommodate the different 
sizes of cutters and to put the cut on, and this movement 
does not affect the amount of clearance jiroduced. The 
alteration of EG need only be made when the wheel has worn 
appreciably. 

Referring again to Fig. 1 ")(>, since the diameter of the cutter 
does not affect the clearance produced, the same amount will 
bo ground on a taper or angular cutter, as these may he con¬ 
sidered to be built up of a large number of very thin cutters 
of varying diameter. To bring the whole edge of the cutter 
to be acted on by the wheel, the table carrying the headstocks 
is swivelled if the cutter is one carried between the centre.s, 
or the cutter head only if the cutter is hold in it. The angle 
to which the cutter is ground is here the angle shown by 
the graduations of the table or cutter head. 

Face cutters and the end tisdh of end mills are a special case 
of angular cutters for which the angle is 90°, and accordingly' 
the same method of setting holds good, but these cutters are 
more usually sharpened by the use of a cup wheel, as if a disc 
wheel be used it has to be of small diameter—especially if the 
teeth are cut close up to the centre—otherwise the next tooth is 
liable to be scored. The best method of sharpening them when 
the teeth go close to the centre is shown in Fig. 152. 

* In practice to set the machine for the clearance, (he centre A 
(Fig. 150) is first set level with the wheel centre By means of a 
gauge; the wheel diameter is then taken, and the amount EG 
corresponding to it for the angle of clearance desired is ascer¬ 
tained from Table X, page 434. The table (or wheel head in some 
machines) is then adjusted vertically through tBat amount by. 
means of the graduations on the corresponding hand wheel. 
It tljen only remains to set the tooth rest IJ Wcl with the centre 
A by means of a gauge. Not only shoifld the vertical adjust¬ 
ment be easjly made, but th« tooth rest shouid also be set easily, 
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If the cutter have spiral teeth, the highest point of the part 
of tho tooth rest vihicli is opposite the wheel is the point which 
controls the clearance at the edge, and which should be regarded 
as the point of the tooth rest to be set if the clearance is 
wanted accurately. 

When the tooth rest is carried with the work, on the table 
or the work head, it can be set permanently level with A. 

The distance EG is easily found by drawing a large size 
figure to determine the ratio of EG to EB, or by looking up the 
value of sin a in tables, and then EG = EB sin o, where EB 
is the radius of the wheel in use. 

As before mentioned, the terms ‘ vortical ’ and ‘ horizontal ’ are 
used, as almost all cutter grinders are arranged so that the adjust¬ 
ments are in these directions. They are, however, only relative 
expressions, and if the slid(fs are tipped as a whole in any way 
the clearance is unaffected. 

In the cutter grinder which I used to make in Birmingham 
those setting operations were almost eliminated. The tooth 
rest BHK, Eig. 151, was carried on an inclined plane LM 
machined on the wheel head, so that its point B moved along 
the line ENB, and wlien the blade was put just outside the wheel 
it was in the correct position. AU that there was (‘ is ’ would 
be more correct, as 1 believe that every machine is still in use) 
to do in these machines was to set the table so that the centre A 
was level with B, which was done by adjusting it until a gauge 
BPQ touched the top of the tooth rest. When the wheel has 
worn down, say to N, the tooth rest point will then lie just 
outside it at N, and again the clearance ground will be a = 
angle EBG. The tooth rest blade was arranged so that the 
position of f-m centre of its edge was not altered by adjusting 
it to suit tho angle of a spiral cutter; and particulars of the 
arrangement can be seen I y reference to ‘ Engineering,’ Dec. 
1901, vol. Ixii. 

Limiting Diameter of Wheel. —The clearance ground by the 
edge of a wheel is hollow, the more so the smaller the wheel 
used, and it is well to use as large a wheel as possible, altliough 
the effect of this hollowness is small. A limit is soon reached, 
as a wheel above st certain size will encounter the.cutting edge 
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of the next tootii and spoil it. Tlie size of wheel permissible 
depends on the diameter of the cutter, the number of teeth, and 
the angle; in the case of a face cutteu' or end mill it depends 
on the pitch of the teeth. In this case the pitch varies along 
the teeth, b(!ing smallest near the centre, and accordingly the 
sharpening of small end mills, cut near the centre, presents a 
difficulty, which is still further increased when it is desired 
to grind a larger secondary clearance (see page 3*20) to decrease 



}’l«. lol.—SETTINd F(lll Cr.EAEANOE WITH EdGE WhEEI. ON (loBST 
Cutter (tiimDKB 


tlic width of land. These cases are more easily dealt with by 
the use of a cup wheid, but the best method is that shown in 
Fjjg. 152, and is as follows— 

Sharpening End Mills—The cutter ABC i» here shown 
passing by the wheel, the movement to sharpen the edge AD 
being as indicated by the arrow in the left-hand view, and 
perpendicular to the paper in the right-hand diagram. The 
wheel EE is set askew as shown, and looking aibng the cutter 
axis 1) it appears as parallel to the edge of the next tooth BD ; 
this enables the cutter to be moved so far towards the wheel as 
nearly to touch the edge in the manner shown in the figure, and 
a stop must be used to limit the motion in this direction. It 
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thus enables the edge to bo sharpened, or the secondary clearance 
ground, close up tp tho axis. That the wheel clears the tooth 
opposite to B is seen in the right-hand view, which shows the' 
way in which the wheel produces the clearance. 

Tho tooth rest GA holds tho tooth being ground, so that it is 
parallel to the line of motion of the slide. In small cutters 
the faces of the teeth pass through the axis as shown, and the 
tooth rest is level with the centre. In large mills they are 
frequently offset, and then tho tooth rest must be adjusted so 
that the tooth edge is parallel to the line of travel. 

The same arrangement is of use in the case of angular 




tie. li.2.—iSiiARi’ETiixo End Mills and Angular (’utters with 
TEETH GUT CLOSE TO AXlS 

cutters, in which the teeth run close together at the small end. 
A diamond tool is sketched on the left in tho position—‘ level ’ 
with the work axis—for truing the wheel properly. 

In practice the wheel is not usually tipped, as shown .in 
the diagram. Fig. 152, which is so drawn for the sake of 
clearness; the slide and cutter head are usually swiveMed 
instead. u 

In sharpening end mills and face cutters it should be borne 
in mind that they should be ground slightly hollow on the face 
—that is, the edge of the tooth should be slightly mclined to 
•the axis, so tUht the teeth cut fully on the outer corners. For 
this purpose is a sufficient angle to allow. This renders 
sharpening.small end mills with a cup wheel awkward, as 
when grinding on one>side the opposite tooth may be toue*hed ; 
hence the preference to be given to the method outlined above. 
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Direction of Wheei Rotation. —Practice varies as to the 
direction in which the wheel should run—whether towards 
the edge of the cutter, so that the particles meet it first (as 
indicated by the arrow on the wheel in Fig. 150), or the reverse 
as indicated in Fig. 146. The former direction produces a 
slightly better edge, as it is free from burr, but if the cutter 
tooth is not held firmly against the tooth rest the action of the 
wheel may make the cutter turn a little, carrying the edge of the 
tooth into the wheel and grinding it away. In manufacturing 
shops where the cutter grinders are constantly in use the first 
method can be safely employed, but otherwise the second 
method is preferable. It should bo omployed if tho cutter 
edge is to be oilstoiied afterwards. 

Maximum Size of Wheel.— The largest size of wheel which 
can be used on parallel cutters can be found* as follows. In 
Fig. 158, A is the centre of a cutter, and B, D consecutive 
teeth, of which B is being sharpened by a wheel whose centre 
is C, and which just grazes I). Then if CBE = a be the angle 

of clearance and CAB = where n is the number of teeth 
n 

in the cutter, and the radii of the cutter and wheel be r and R 
respectively, then we have— 

.A^ ^ BC 
sin BCA sin (.'.411 

or R siiifa-’^l r = sin 

\ 11 / n 

aiid hence to clear the next tooth R must be less than— 



in tho case of parallel cutters. If a = - then a wheel of an^ 

size will clear the next tooth, or a face wheel •would clear right 
across. So that if the clearance angle •fSe 5°, the number of 

teeth in the cutter may be as many as 36 for,nny wheel to clear ; 

• • 
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but if the clearance angle be 7|°, the number can only be 24, 
and if a = 10°, 18 teeth is the maximum. A wheel of the same 
diameter as the cutter will just clear if— 

/ TT \ . TT 27r 

smla-- I - sin or a - 
V n / n n 

or in this case the nunib(‘r of teeth can be double those 
previously given. 

Angular Cutters.— If, however, the cutter be taper or 



angular. int('rf(>renee occurs with a smaller number of teeth. 
This cau be seen from Fig. 1.54, in which the bottom view 
is a plan snbwing the cutter GFANB, whose axis is AH 
and vertical semi-angle BHA = 0, and the wheel CB, and 
on the cutter’s smallest diameter BG is drawn a semicircle 
BDG, in which D is the next tooth point to B, so that 

* 2';r 

the angle BAD is . The upper view is taken perpendicular 

71 

to the line of •movement, or to the edgeB of the cutter, and jthe 
cutter section is taken'close to the smallest diameter, that is 
close to AFG in the*plan view. Here in this top -giew we sea 
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that, for the wheel to clear CD must be > E, while from the 

Stt 

bottom view DN = r sin - and BM = BN cos 0 =, 

n 

r(l- cos cos 6, and therefore (EB + BM)^ + (CE - DN)® > 

V n ■ 

E® bccoiiK'S— 

|e cos a. + r(^l -cos ) cos -f^E sin a rsin<E® 
and hence we obtain— 

sin ( sin® cos® 0 + cos® ) 

E < r « ^ ” 

TT 

Sin a cos - cos a sin cos ci 
n n 


or 


< r 


1 - sin® ^ sin® 0 
n 


sin a cot 


TT 

— cos a cos 

11 



and as 0 increases, cos 0 decreases, and E must increase. For 
face cutters put 0 - ■ 90°, tlu'refori'cos 0 — 0, and we have 


E 


7r TT 

sin cos 
r or 

sin a 


r sin 


'ZTT 


< 


2 sin a 


where r is the radius to the small part of the t ooth. 

Formerly cutters had many small teeth, but the number 
has been reduceil, chiefly with the object of pioviding plenty 
of room for swarf; this reduction in the number of teeth 
has rendered sharpening much easier, for the above reasons, 
* Clearance with Cup or Dish Wheels.—Turning now to the 
use of the cup or dish wheel, it is first to be noticed that the 
surface produced is Hat, provided that the ground part goes 
across the hollow of the wheel, as is correct practice, and 
provided that the travel of the work is at right angles to the 
wheel spindle. In Fig. Ifi") is shown the usuiil arrangement; 
the slides of the machine are set at 90° to their previous position, 
and the tooth to be sharpened is canted^ up ‘or down to secure 
the desired clearance. If the grinding^ takes place level ■with 
the centre^ of the wheel, indicated by tte broken lines, tlje 
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slide must not bo quite square with the spindle but set slightly 
off, so that the wh«el cuts on one side only ; this is necessary 
in the case of reamers, as the cut must go smoothly right across. 



Fra. IC4.—M.4XIMCM Kizk of Disc Whebi.-- 
Anoulak Octter-s 



Flo. 160. —Setong fob Oleaba«oe wn'H C!op We»el 
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and so only the side of the wheel nearest the reamer shank 
must out. The land is practically flat. Tf work is set lower 
so as to use the bottom of the wheel, as indicated by the full 
lines (or up to use, the top), the traverse should be square 
with the spindle, and the wheel must be kept hollow so close 
to the edge that the tooth passes within the hollow (indicated 
by the broken line); this gives a very smooth edge to the 
tooth. 

By grinding at the top or bottom of the wheel, cutters 
with a large number of teeth or face cutters can be ground. 
If the tooth is sot near the middle of the wheel, the wheel may 
interfere with the next tooth, and will do so on parallel cutters if 
the teeth exceed the numbers given on page 33G. To clear angular 
cutters they must have, fewer teeth. Taking the formula from 

pane 33H, we have sin o cos ^ - cos a sin' cos 0 e(|ual to 
^ n 11 

zero, or tan ^tan a sec 6, or the greatest number of teeth is i 

■JT 

H — 

tan ^ (tan a sec 0)' 

It does not matter whether the edge of the tooth points 
upwards or downwards; this is merely a matter of convenience 
in operating. In Big. 15(1 is shown a tooth of a face cutter 
being sharpened with its edge pointing upwards; the cutter 
is held in a ‘ Universal Holder,’ and the machine shown is 
the Be Blond Cutter Grinder. Big. 157 shows the operation 
on a Herbert Cutter Grinder; the tooth, which is inclined 
downwards, is the inserted tooth of a face milt, and is being 
sharpened on the side. ** 

In using face wheels the particular vertical position of the 
cutter does not affect the angle of clearance, which is regulated 
by the height of the point of the tooth Bl), B'D' above (or 
below) the centre A of the cutter, as the clearance is equal to 
the angle BAG,. Fig. 155. Thus this height must bo propor-,' 
tioaal to the diameter of the cutter. /Tables of the correc| 
heights for parallel cutters are provided by the manufacturers 
of cutter .grinders, and sjich a table. No. XI, is given on 
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page 485. To use it the tooth rest is set to the height given 
above the work axig, and then moved over to the tooth. 

Tables of Setting and Angular Cutters.—In the case of taper 
or angular cutters from Fig. 155 we see that a small cutter is 
ground to the same clearance as a large one if the tooth rest is 
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elevated to a proportional extent; hence, since an angular cutter 
may he considered as buJt up of a very large number of very 
thin cutters, such cutters can be sharpened correctly. In this 
connection, ho-#ever, it must be noted that the tables generally 
given apply actually only to parallel cutters: for angular cutters 
the setting is .diffoPent. I have calculated the settings for angles 
of 80°, 45°, and G0°, and given them in Table XI, page ^3 5, 
in addition to the settings for parallel cutters. For face cutters 
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the clearance must be obtained by canting the cutter head, as 
shown in Fig. 155 on the right, which shows the sharpening of 
an inserted tooth face mill. The face cutter must be tipped up 
through the actual angle of clearance, which is shown on the 
graduated circle provided on the cutter-holding head for the' 
purpose. 

For angular cutters generally, where <1 is the l.irgest 
diameter, the height between the tooth rest and cutter axis 
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may be got from the tables for parallel cutters, using d see 0, 
where 6 is the semi-vertical angle of the cutter, instead of d. 

In sharpening taper and angular cutters and reamers there 
is no danger of getting the edge curved (as with a disc wheel), 
since the intersection of two planes—the radial plane of the 
tooth face and the ground clearance land—must be a straight 
line. It must be noted, however, that the angle (for example) 
of a taper reamer sharpened between the centres, is not the 
angle through which the table is set—which would be the angle 
of a taper gauge. 
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Simplified Setting for Clearance.— In the cutter grmaer 
(referred to on page 830) which I used to make, all these 
difficulties were go’t over by the simple device of making the 
grinding head swivel round an inclined axis BD in Pig. 158, so 
that the wheel ACE when set square with the main slide was 
inclined to the vertical at the desired angle of clearance a. 
Apart from the advantages of turning the head round instead of 
the table, slides, knee, &c., the correct clearance was ground on 
all cutters, parallel, taper, angular, or face, without any sotting— 
as the tooth rest had a fixed height level with the cutter axis— 
and so located the line from the cutter axis to the tooth that it 
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was iiudiued at a, the angle of clearance, to the wheel axis, what¬ 
ever the size of the cutter was. Un the right in Pig. 158 is 
shown the case of a hollow mill ground to the correct clearance 
in the same manner. To meet the single case of face mills wjth 
offset '.,eet’«,an adjustable tooth rest was provided. This 
method also has the great advantage that angular and taper 
cutters are ground to the angle of the table setting. 

Taper reamers may be sharpened on a Universal Grinder 
by the use of* a cup wheel, setting the wheel spindle square 
with the main ways. The angle of the reamer will not be 
that shown on the taper scale of the machine. If, howov'er, 
the reamer clearancfe.be obtained by the use of an auxiliary 
head, such as is shown in Pig. 162, and this head canted to give 
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the cleariinee fo a tooth set ‘ level ’ with the centix, 
of the reaiiier will he that shown on the scale. 

Broaches.— Rroaches are tools which hiu’c clearance ground 
at the rear of the cutting edge, but they are not tools which can 
be made well on a ciittc'r grinder even if iitled with attachments 
for circular grinding. The cross feed of the machine on which 
they ar(' made must be, in good order, as the dilTerence in the 
st(^ps is so small—J to J of a thousandth of an inch is a usual 
allowance. The clearance is obtaimal by setting the table over 
to the angle of cleaii’ance, usuig a wheel narrower than the pitch 
of the t(‘(dh, and grinding each land to la* a tajrer cone. The 
cleararna^ should be V('ry small —2° is sufficient. 

Circular saws can be sharpened on cutter grinders m the 
satins nuinuer as regular cutters ar(!, but owing t.o their large 
diameter and thinness they are bettor held on a tlat horizontal 
plate, and in some machines ))rovision is made in this manner 
for sharpening saws of considerable diameter. When such 
saws and band saws ai'(‘ much used, si)(*(ua,l machines are used 
tor sharpening tlaiin. These pr('Sent no special h^atures from 
the })oint of view of grinding, but are intenwting as examples 
of ingenious aiutomatict motions. The w'heel used should be 
a vulc.anite or elastic wheel, as the out is suddenly ajiplied and 
variable. 

Cutters Sharpened on the Face of Tooth. -The second class 
of tools—namely, those ground on the front of the cutting 
edg(‘—chieHy comprise relieved cutters, and to keep the work 
shape (jorreet the face ground must (usually) pass through the 
axis of the work, or, if the tc(dh are spiral, a lino perpendicular 
to the axis must lie on the cutter face. For .shar pening these a 
dish wheel is usually the most convenient. 

Gear and Formed Cutters. —In Fig. 159 is shown a convenient 
mode of setting up a gear cutter to be sharpened. It is placed 
on a stud A, and the face of the attachment BOis set parallel 
to the main slkhr, a gauge DEF in which EF—equal to the 
distance of A from B(1—locates the face G mf the tooth so 
that 'it will he ground radially by the nwVement of the slide. 
The tooth rest HJ (which has a rigid blade, pivoted at H, 
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and kept against the cutter by the spring K) is then adjusted 
to the back of the tooth, after which the gauge DEE can be 
removed. The wheel head should be set a little out of square 
as shown, so that the edge only of the wheel cuts. 

If a wide formed cutter, of similar typo, is to be sharpened, 
it is more convenient to place the cutter on a mandril between 
centres, in which case Eig. 159 will represent an end view 
of the arrangement. The wh(‘el face is now set to pass through 



the axis, and the movement is perpendicular to the plane of tiie 
paper. 

Spirally Gashed Hobs.— Should the teeth bo gashed on a 
spiral, the wheel must bt! set to the angle of the spiral, and to 
secure a radial cut, the wheel should bo turned somewhat conical, 
and the grindfeig line in which the wheel touches the cutter 
should be set to pass through the axis of the hob. The tooth 
rest in this case •must be carried by the wheel head, but the 
rotation is sometime* conveniently controlled by a former 
or by gearing froit; the table traverse. A Cincinnati Cutter 
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Grinder set up for this operation is shown in Fig. 160; the 
tooth rest A is carried on the wheel head since the cutter is 
spiral, and a master form B is used to produce the rotation. 
Theoretically in all these cases the cut should be put on by 
rotating the cutter round its axis by adjusting the tooth rest, 
but as it makes no practical difference, and is much more 
convenient, it is put on, as usual, by the use of the cross slide. 

If the formed cutter has Gie gash not parallel, but some 
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paVts higher than others, it is usually necessary to manipulate 
the vortical slide while traversing or sharpen the cutter in two 
operations. This trouble can bo sometimes avoided by packing 
up the head- or tail-stock. Alternately the cutter may be 
made in two or more parts and the difference of diameter kept 
constant in the sharpenmg. A cutter for producing a given 
form may sometimes be made considerably less in diameter, 
or the risk in hardening may be decreased, by gashing in two 
or three cuts so that the bottom of the«gash is irregular, and 
hence the cutter may be much cheaper to make thus. As 
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the trouble of grinding is so considerable, the cutter design 
deserves attention. 

Taps and the cutting face of reamers may be ground in 
the same way, and the wheel may be shaped to the groove. In 
these cases the holding is frequently done by use of a division 
plate on the head. Small taps are quite satisfactorily ground 
by passing them under the wheel, holding them by hand only. 
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Fig. 1 <'l shows Messrs. Herberts’ cutter grinder set for sharpen¬ 
ing a lap, ’.*’ng a division plate. 

In these illustrations the principles of the setting are shown, 
and as such can. be easdy applied to other makes of machines. 

As a cutter grinding machine for general work requires 
more movemSnts than a Universal Grinder, there is a tendency 
to extend the capabilities of the machine by adding arrange¬ 
ments for rotafog the work, so that external circular work 
may ho ground, ana»p, live work spindle, chuck, and in^iernal 
grinding spindle ^ addition to do internal grinding. A vice 
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will equip the machine for surface grinding, so that a much 
more ‘ Universal ’ machine than the Universal Grinder is pro¬ 
duced. If the parts arc well enough made to bo of real service 
the cost is not the insignificant matter it would first appear 
to !)(', but such a machiiKi is v(!ry useful in a shop which requires 
accurate manufacturing tools but has no need for production 
grinding. 

Automatic bs'ds arc sometiiiK'S added, and as tho cost 
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^ increases the requiivments are sometimes met from f.he other 
end—by adapting the moie usual type of I’niversi*’ Grinder to 
do the extra work. This involves rtiplacing the regular wheel 
head by a bracket carrying a vertically adjustable (smaller) 
head. As this can be set with its spindle either parallel or at 
right angles to the main ways, the various kihds of cutter 
sharpening previously referred to can be dealt with. Fig. 162 
shows a Landis macbiiu! so fitted up, with a*small auxiliary 
head which takes the jdace of the inteisial grinding spindle 
bracket. 
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Universal Cutter Holding Attachments— More recently 
the vertically adjustable head has been made a more important 
feature, and Universal machines are built so arranged. They 
are usually fitted also with a Universal cutter holding 
attachment. In Eig. lt‘>3 a Ihiiversal Grinder of tliis typo, 
by Messrs. The Churchill Machine Tool Co., is shown set for 
sharpening a face mill, using a cup wheel. The swivel plattcn 
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on (he t(Ep of Gxs ce'oss sIIeUe Imre carries a bi-Eicket which carries 
the wheel litEad on a vertical slide, and the spindle is dri»-en ^ 
direcily fi >(*» overhead. The wheel spindle is elevated by the 
screws just visible on the right, operated by the hand wheel 
at the top through b wels: various means of holding tooth 
rests are seen on the wheel head. The Universal cutter head 
is set to caiK^tho cutter up so that the teeth, inclined to the 
axis, are horizontal where sharpened. 

As cutters with various types and sizes of shank ire in 
use, collets to suiJ.them are usually required, but sfeveral 
firms make a universal attachment, such as is shown in ligs. loG 
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and 103. Any shank, within the capacity of the attachment, 
can he conveniently held in the vee by aid of the swivelling 
pi(‘ce Y, which is adjustable hj' means of the screw above it, 
and suits its position to the taper of the shank by swivelling, 
holding it sufficiently firmly, Imt permitting it to be turned 
by hand. The rear end of the cutt(*r or its mandril is hold up 
by a plate (or rod it the shank or mandril be short, as in Fig. 156) 
carried on a tail rod. The angular movements arc for the angle 
and clearance of the cutter, ,and to compensate for the inclina-' 
tion of cutter due to the taper of the shank. Such attach¬ 
ments do not hold the cutters for grinding in the same way 
as they are held in the milling machine spindle, and so 
accidental damage to the cutter shank may affect the grinding, 
so that the cutter does not run (piite true wlu'ii in the miller. 

Twist Drill Grinders. - Although twist thills can be 
sharpened along ilu' cutting edge in such cutter grinders as 
art* described abova*, it is after\vards net'dful to grind away 
the material bt'hind this clearance. .\11 that js neco.ssary in ^ 
grinding a twist drill is that the lips should be of equal length, 
the clearance! just behind them conect throughout, and the 
angle at the apex appi-o.ximately right, and that tint part 
behind the clearance sboidd b(‘ (luite clear. It requires a 
little skill to do if, by hand, and as twist drills arc so 
universally used, machines for sbarj)ening them are manu- 
fac.tured. Various de^•ices for giving the clearance to the 
edge, and grinding a way the mid,al behind it at a simple move¬ 
ment have been >is('d, almost all needing to be set for the ' 
diameter of the drill. If. bf>wever, the movement consists 
* of rocking the drill round an axis AB-as shown y Pig. 164— - 
and grinding it by a flat surface 0, while the drill is held by 
planes or lines all passing through th(! point B in which AB inter¬ 
sects the surface C, then all drills will bo ground to the same 
goomotrical shape on their lips when being shm’pened. This 
is the principle upon which the twist drill grinder I formerly 
made was based, and it is also used in the * Yj^nkoe' twist drill 
grintffir shown in Fig. 164. In this, the^drill is held between 
the two planes E and F and by the edge' of the hp rest G, all • 
of which, if Qontinued, would, pass through the point in which; 
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the axis AB intersects the surface C. The small tailstock 
prevents the drill Jrom slipping back under the cut of the 
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vjieel, and. serves 4) feed it up as grinding proceeds. _ ih" 
iurface is produced by the flat face of the wheel, as the drill 
lolder is rocked sound the axis AB. The larger drills are 
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easy to sharpen, but the machine needs to be accurately 
made and free from sliake to sharpen the sipall drills correctly. 
Fortunately these are easily sharpened with sufficient accuracy 
by hand. 
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Large drills have a considerable thickness of metal at the 
centre for reasons of strength, and the point* therefore has 
difficulty in entering the metal. To make the drill cut freely 
the point is ‘ thinned ’ by grinding smaH channels up it with 
a thin elastic wheel. A vee to lay the drill in for this point 
thinning is convenient, and is fitted to some machines. 
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Mechanically Guided Lathe Tool Grinders. In modoru 
manufaeturiug the, production of lathe tools has now been 
transferred to the tool room, with tlie exception of the smithing, 
and this has been reduced to a minimum. With a tool grinder 
such as the Lumsden, shown in Fig. 1(55, the forgi^d tools or 
cut-off bar can he rapidly ground to the desired shapes at the 
points wlu'ii soft, although there may be a considerable amount 
to be ground off, so that usually no other operations are 
necessary to produce a lathe tool. After hardening and use 
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they can lie re-sharpened to the same angles, or slightly less, 
so that the tools are sharpened at the edgi'S only. 

The motions necessary for grinding can be obtained tn 
several way„,'’iithor by moving the tool or the wheel; in the 
machine shown the wheel oscillates about an axis (near the 
floor) parallel to the wheel spindle, so as to grind the facet on 
the tool and to keep the wheel surface true. 

The tool is field in a chuck capable of presenting it to the 
wheel in any desirable position, and wliich can bo swung romid 
a vertical axis so aiS to jp'ind a radius on the tool when necessary. 
The arrangement of tire chuck and adjustments is seen in Fig. 
166 ; the chuck hag three jaws, and the bottom of the tool is 
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placed on the wide top of the bottom jaw. The chuck swivels 
round a. liorisont.al axis so that Gie side clean',nco can he ground, 
and stops are provided for duplicating work. The upper 
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liomontal slide is for the purpose of setting the tool for grinding 
a radius on it, which is done hy swinging it round the vertical 
axis shown ; this movement also has adjustable stops provided. 
The two lower slides are for adjusting the tool to the wheel and 
putting the cut on. 



SHAEPENING CUTTEES AND TOOLS 3S5 

The nse of grinding for shaping lathe and planer tools, 
introduced by S(‘llai-s many years ago, mad(! its way very 
slowly, but small shops now appreciate the advantages to^be 
obtained, and to me('t the najuirements of sticb iirms, tho 
Lumsden Combination Tool Grinder, ]''ig. 1(57, has been 
designed. Tho wlnad used is of the cup type, and is trued 
mochanicafly by a diamond tool carried in a jig at B. The 
tool hokh'r C is fitted to rotate in its bracket D, and can be 
set at the dc'sired angle by graduations at tho rear, while the 
bracket itself can bo sot to any angle on the graduated arc E. 
The traversing movement is giv('n hy the lever E by nu'ans of 
a quick-pitch screw, and the tool is kept up to the wbe('l by 
the lex er G. Whim not needed this mechanism can bo swung 
up and back to (.he left, leaving oidy the lower jilate, which 
forms a rest in(*'med to the wheel at the usual angle of clearance. 
The machine then bi'comos an ordinary tool grinder with a 
cylindrical xvheel. The whole is adjusted towards the wheel 
by tbe knob at if. In this machine, ball hearings are used 
for both the journals and thrust of the spindle. 



OHAl'TEE XI 

FORM fU!INJ)[N<; AND (TUVED SERFACES 

Mechanically Generated Cups and Cones. Tn the machines of 
the preceding chaptoi-s, the surfaces ground are of simple 
shajie, such as circular tapers of straight axial section and flat 
surfaces, hut the requirements of engineering now demand the 

application of the pro¬ 
cess of grinding, with 
the jivecision and 
quality' of surface in¬ 
herent in it, to the 
juoduction of other 
surfaces. The develop¬ 
ment of machines for 
such purposes and for 
the production of sim- 
])Io ground work in 
(|uantities at lower cost 
than at present, is the 
care of several firms 
to-day. Straight shafts 
and tajiers are pro¬ 
duced in the Universal 
Grinder Tiy a double 
copying process, the 
wheel face being first 
‘ trued, ’ and thereby made to he a copy of the ways, and then the 
surface produced by the wheel face being traversed along the work 
by the main ways. The work touches the wheel edge right 
across while the grinding is going on, andt as the traverse takes 
place the‘fine’of contact is maintained. Geometrically, a piece 
of a straight line can move along (he continued line and 
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coincide with it always. So, geometrically, a piece of a circular 
arc can move along a circular arc of (‘(jual radius and tit it 
always. Mechanically adapting this, such surfaces as ‘ cups ’ 
and ‘ cones ’ for ball bearings, whore the axial sections are 
portions of cirebis, can be ground. Fig. lliS shows the motions 
for grinding a. ‘ cone,’ and b’ig. Kib those for grinding a ‘ cup ’; 
those are lc?l.torcd in a similar manner, so that a single description 
will ap])ly to both. 'I’Ikj work, whose axis of involution is 
All, has a portion CDEb' of its shape of circular axial section : 



the wheel, whose axis is GH, touches it along the portion DE. 

If J b" the centre of ODEF, then if the wheel head, carrying Mre ^ 
spindle GRrmd wheel DM, have a movement round an axis 
through .) perpendicular to the plane AlKiDEF, the wheel 
edge traces out the shape CDEF as it moves, and is always in 
contact with it. This corresponds exactly to the grinding of 
a shaft of stAight taper, and the contact of wheel and work 
is maintained throughout the movement. The truth of the 
surface produced is dependent on the mechanism and noo on 
the particular shape of the wheel, initially or after wear, though 
these produce an eifect on the quality of the surface. 
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To j)ut tlip cut, on, it is necessary to mount tlie wheel on a 
cross slide, indicated al, KLM, and Giis slide moves the wheel 
spindle farther towa.rds the W'orlt as the wheel wears. To 
true lli(' wheel cori'ccily the diamond as in the Universal 
Grimh'i'—must he su])])ortc'd on the work cariying part of 
the macliine. and is shown a,t N. Either the wheel or the 
work may receive the movement, round the a,xis ai, .1, corre¬ 
sponding to those cases vhere tli(' wheel or tlie work travel in 
Universal grinders. In an actual machine arra,ngements for 
properly locating the work axis and the ))()sition of the. work 
on it with regard to .1 are neces.sary ; hut the e.ssential 
matter hen' is that the truth of the surface is mechanically 
produced. Heveral machines have heen hrought out for 
grinding cups and cones u])on these ])rinciples. 

Taking a larger case, the point of a shell--,j)rovi(h'd. as is 
usually t,h(^ case, that the axial section is a circular arc—can he 
ground in a similar manner, the wheel making contact with the 
work o\er the width of its face, anil the work having the 
characteristics of the work fiom a Plain grinding machine. 

if. however, the curve to he ground is other than a circular 
arc. the lack of continuity of the contact of the work and the 
wheel causes irregular wear of the wheel, spiral markings of the 
traverse, and ot.lier difficulties. When the jjart operated on is 
not too largi' the wheel may be trued to the desired sectional 
shajie, and the result produced hy simirly feeding in the wheel 
to the necessary depth, while the work simply revedves or 
reciju-ocates in Gki plane of the wheel. 

Form Grinding.— Such grinding may lie termed form grind- 
ling* the accuracy of the product depends directly on the 
truth of the wheel shape, as opposed to the casi'.s previously 
describi'd, in which the accuracy depends on the mechanical 
guidanc(! of the wheel relatively to the work. 

Examples of tin; method have already occurred. The 
short ends of shafts on which hand wheels and gears arc fitted 
may he instanced, and, as described in Chapter VI, page 225, 
the lyo.st rapid way to grind these is to fepd the wheel directly 
in to the required depth, then traversing'^it oil by hand. 

Collars.—,When considering the matter v.)f grinding collars 
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on shafts, it was pointoil ont (page 278), that there was the choice 
of two methods : the collar could bo gronnil hy bringing the 
side of th(! wheel, previously I rned. up to it—as shown at X in 
Pig. 116--or the axis of the wheel spindle having been slightly 
inclined, tin' corner only of the wheel could be used as shown 
at Z, and the collar ground by traversing the wheel out. tn 
the latter jselihod th(^ accuracy is d(‘p('ndeut on the luechanical 
movement of the slide, ami so is U) b(' ]n‘t*ferr(‘d to tlu^ former, 
in which errors in the wheel shajx' have their effect on the 
result. 

Cups and Cones.— In a similar manner cups and cones 
may be ground by lining the wheel 1o the requisiti' shape, 
and simply feisling it into the work. Thi' truth of the sectional 
shape then depends on the form of tlu' wheel, and the surface is 
lialile to have cncumferent,ial marks on it, owing to thi' pro¬ 
minence of some particular jiarticles in the wbi'cl ; but in 
many cases the accuracy is am|)l(', and the marks can be ))olished 
out wdtb tine (‘inei'y clotli. or they may be avoided by lightly 
smoothing the wheel with a ])iece of oilstone. The simplicity 
of the machini' necessary is a great advantage. 

In cases where form grinding is usial, it is vi'iy imjiortant 
that the wheel should be of large diameter c.ompari'd with tho 
work ; otherwise tlu' shape turned on Ihe wheel by the diamond 
soon loses its accuracy. This is not always jiossihle, for 
example in the ball cups of Pig. 169. In tbese, however, 
great accuracy of cur\ e is not nei'ded. and as the cups have 
been previously ma,chined all to the same coirect curve, thi' 
wheel tends to ki'cp it a good shape by tbo wear averaging the 
same. 

Ad''anta,f is t aken of this in the machine shown in Pig. 170— 
a Guest Hub Grinder—for such work as two-speed hubs. The 
work spindle is hollow' and cariies an expanding collet chuck 
operated by the hand wheel at the rear. In front of the 
headstock is i slide carrying a running steady, tho rotating 
part of which is carried on halls, so that it can easily be driven 
frictionally Jry ttio work. Tlu* hub is placed with one race 
on the collet, and tlw slide is moved up by tho lever below' 

until the other end of the hub is held centrally in the taper 

* 
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Sliape freehand, and soon wears to the f^rm'of the race as^it 
comes from the automatic and the hardening. 

The radii on crank pins (page 23‘2) form^inother illustration 
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of the method, and the size of the wheel used makes the 
retention of the shapes an easy matter. 

In these examples the work rotates, but form grinding 
may take place where the form is reproduced by linear motidn, 
as in the grinding of llio bottom and sides of the grooves of 
shafts for castellated tits, or by helical (screw thread) motion 
as in the grinding of worms. 

Castellated Shafts. —The former is shown in Fig. 171, in 
which the shape of the section of the shaft ABCD A'B' is given 
on the left; the hole in the gear is ground out and the fit is 
on the surface DC, D'G', whicli is form ground by the hollow 
face of the wheel, and upon the sides AB, CD, which are 
simultaneously ground by the sides of the wheel. To true the 
wheel three diamond (.(xds should bo used, one for each part, 
AB, BC, and Cl). They sliould be carried in a jig supported 
between centres, in the same way as the shaft is carried ; the 
diamond E, truing for BC, may be set, out to the correct distance 
by using a gauge, as shown at PGH, and the wheel trued by 
rocking the jig on the machine centres. The jig is then fixed 
and the sides of the wheel trued by two diamonds, carried each 
on its slide, and set out to a gauge. The main slide should 
be adjusted at each truing operation, so that the diamond in 
use moves in a plane through the axis of the wheel spindle. 
The errors’involved are thus reduced to a minimum. It is 
customary that tT) and A'IF should be parallel, but they may 
he radial. Only a very simple machine, consisting of a body 
having a main slide with a headstock (and division plate on 
spindle) and tailstock, and a vertical slide carrying the wheel 
spindle, is necessary for this work. 

Gear Tee*th and Worms. —To meet the requirements of 
high speed gearing which has been hardened (or oven heat- 
treated only), the teeth are sometimes ground, chielly in motor 
car work, and perhaps chiefly as a selling point. Machines for 
this purpose may follow the principle of a generating machine, 
or of a gear cutter using a formed cutter. In the latter case 
the operatidn corresponds to form grinding, the wheel being 
trued to the shape of tiie space between the teeth and traversed 
between them. The earliest machines for the pm'pose were 
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designed for treating cast gears before the days of cut gearing ; 
to-day, when practically every gear is cut, it is to the rectifica¬ 
tion of hard gears only that attention is jiaid. In the early 
machines the wheel, a hard one, was simply turned by hand 



to the shape of a template, and it was trusted that the various 
irregularities of the teeth would average so ttiat the wheel 
would retain its shape for some time. In Pig, 172 is shown 
such a gear grinding machine (by Messrs, Sterifc & Co.) intended 
for freating cast gears. The machine works upon the form¬ 
grinding principle, the wheel, which is 8 niches in diameter, being 
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turned by hand to the sliiipo of the tooth space and then 
traversed mechanically. The wheel spindle is driven by a 
pair of link belts A’ (see jrae.' 14!») running round tension idler 
pulleys 13, R', and the wheel head t' is carried on a vertical slich', 
to which a recijirocating motion is given by means of a connect¬ 
ing-rod inside the column of Uie inachiiK*. Towards tin' lower 
end of tlie fi(,roke a. dog on tlie slide encounters the end of the 
adjustment screw 1), carried on the lever E, the movement of 
which is limited by the screw stop F. The gear G is carried 
on a vertical stud on the slide K. and is inde.xed round (using 
its own teetli) by llu' pawl H, Avhlcb receives its iriotion from 
the lever E. The cut. is put on, and the position of the gear stud 
adjusted for gears of dij'fer"nt sines (uj) to 30 inches diameter), 
by means of the slide K. This macinne was brought out souk* 
tliirty jo'ai's ago. oefore tlie days of universally cut giniring. 
but recently machines ha\e been made im somewhat similar 
lines, but endiod.ving the worm dividing wheel and indexing 
mechanism customary in gear-cutting machines, and provided 
with mechanical guiding a])paratus for t,ruing the wheel. As 
thesi‘ machines are intended for correcting tin' distortion of 
gears caused by heat treatment or hardening, a high degrei' of 
accuracy is necessary if the running of the gear is to be much 
iin]ivo\ed, and hence the advantage of a jig for guiding the 
diamond when truing the wheel. The production of the 
desiriul wla'cl tooth shajie--whether cycloidal or inredute 
ap])ears t(' be a jiroblein of some dilticulty. In the movement 
of the diaanond owr the wheel face it is (‘ssential that it should 
bring one jioiiit only of its angles inlai action, or at an^\ rate 
that sm ill variations of the actual working point should ha¥e 
little effect o iGie resulting shape of the w'heel. In the truing 
jig of one machine which I examined this point had been 
attended to, but the tot.il motion of the diamond was pro¬ 
duced indirectly by the superposition of two movements (one 
controlled by « earn) connected through a large number of 
working parts. Such arrangemenl.s are very seldom adopted 
in machines which aim at any precision. Supposing, how'ever, 
that the complete motiion of the diamond tool for producifig a 
gear shape were produceil very directly and in a maimer free 
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from the errors indicatod above, the accuracy of shape initially 
given to the wheel would be dependent on the precision of the 
lay-out and making of the cam, and upon the accuracy with 
whicli tlio actual working point of the diamond was set with 
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reference to the cam and mechanism. The difiiculties will 
be appreciated by those fainiliar with the production of gear 
tooth shapes and used to precision work. '■ 

These troubles can be avoided by adopting the generating 
principle for grinding gear teeth, and this is dbne in the machine 
(Fig. 173) of the Daimler Company. In this machine the side 
of the wiiocl (near its edge) is trued flat, and the tooth shape, 






FOEM OKINDING AND CUEVED SUEFACES 865' 

■which is an involute, produced hy rolling the gear relatively to 
the wheel. ^ 

The geometrical arrangement is shown in Fig. 174, where 
the teeth of the gear being ground are indicated in two position's. 
An involute is the curve traced out by a fixed point, here P, 
on a line AB, which rolls upon a fixed circle (centre (!) without 
slipping; by this motion P would trace the outline of the 



shaded tooth C. As P at any moment will be moving perpendi¬ 
cular to the position of AB at that instant, a line LPN, drawn 
perpendicular to AB at 1’, ■will alw'ays touch the involute as it 
is being traced out by P. Hence by using the wheel LN(J as 
sho^wn, it ■will ui its movement always touch the involute side 
of F, and will therefore grind the tooth correctly. 

, Such a movoiflent|,of a high-speed spindle carrying a wheel 
would present practicfri difficulties (partly owing to gyroscopic 
effects), and it is better to fix the line AB, the spindle, and the 
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whe(J, and to roll tlu' eircle with its gear tooth upon AB—as 
is done in thi' Bilgraiii hovel gear g(‘nojiitor. Tho motion, 
heing rolativo, produces tho same goomoti'ical results. 

When tho gear centre is at (t and tho toetli at FOH, the 
wheel face DLBX is grinding the ))oint of the tooth F at P. 
I'ho gear circle then rolls along AB until its centre goes to^ E 

just heyorid I). Tho teeth 
a.r(‘ tlien in the position 
d, K, indicated by the 
broken lines, and the 
grinding is fmishod at the 
liotliOin of tho tooth. 

It will ho notic('d that 
as the gear ndls the ))oint 
of contari with tho wheel 
is always at the point P, 
and hence in grinding the 
wheel would wear at this 
))uint only. To distribute 
th(' wear of the wheel a 
reciprocating motion is 
given to tlu' wheel head, 
so that the wheel face 
moves to and fro in its 
own ])lane. When tho 
gear is at .TK the wheel 
only just reaches to the 
bottom of the space, its 
position heing shown at E 
lightly sectioned ; as the 
gear rolls the wheel ad¬ 
vances, until, when the gear is in the shaded position FGH, 
the wheel is in the heavily sectioned position Q, The wheel is 
of the section sketched, and by its movement the wear is thus 
distributed over its grinding face, 

Ju Fig. 175 four positions of the action are shown. The 
point of contact of the rolling circle with the fixed line is at a, 
the centre of the circle at c, the point of contact of wheel and 
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gear at p, and the wheel point at 1. The suffixes refer to the 
different positions, Jjnd the movement of the wheel as the gear 
rolls is clearly seen. 

No movement is given to the wheel parallel to the axis of 
the gear in order that it should cover the width of the tooth ; 
tlie wheel tised is so large in diameter that this is unnecessary, 
the small cfearance at the bottom of the tooth space being 
sufficient to permit tin' whole working surface of the tooth to 
be ground up. The two faces of the teeth are ground separately, 
the gear henig reversed on the spindle for the purpose. 

No reference has been made to the jiitch circle, as it is 
only in text books on machine design or when the axes of a 
pair have been dotinitely fixed in position, that involute gears 
possess pitch circles. 

The action •')! the machim? itself (Fig. 173) can now be 
understood. The body AA' carries the wheel B on a wheel 
head which is arranged to slide parallel to the spindle axis 
for the convenience of maintaining the position of the wheel 
face constant; the gib of this s^lide is seen at The whole 
wh(‘el head is then carried on a double cross sUde—one part 
adjustable to provide for gears of various sines ami for wear of 
tb(‘ wheel as it decreases in diameter, and the other to give the 
oscillating movement, of the wheel in synchronism with the 
rolling of the gear D, which is mounted on the toj) of a vertical 
spindle, and is carried to and fro by the slide EE'. The wheel 
face is trued by a diamond tool at F. which is set up to a fixed 
stop at H. When the wheel is to be tim'd, a small cover >T in 
the wheel guard is lifted, and the slide carrying the diamond 
moved forward. The wheel head is adjusted forwai d a sufficiAit 
amount for till' tr.iing by the sci ew K, and is then dressed ; thus 
its hat face is kept always in the same plane. 

The vertical spindle L which carries the gear D has a 
division plate M, with the same number of teeth as the gear, 
operated by hand by the latch N. The pressure being always 
one way, the notches are made taper with one side radial, as 
is usual in good caftntan lathe practice. An adjustment is 
provided at P for setting the tooth correctly in relation to the 
wheel. The driving pulley for the reciprocating movement of 
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tho slide EE' is at E, the adjustment for the length of stroke 
at S, the connecting rod driving the slide at T, and the adjust¬ 
ment for the position of tlie slide movement at Ih The gear is 
indexed round by hand, and for this purpose tiie slide movement 
is stopped by the lever V, which takes the clutch out of gear 
and applies the hand brake, which can b(! seen immediately 
above the lever. 

The rolling motion of the g(‘ar is produced by means of a 
drum W carried on the spindle L, and thus by the slide B, and 
forced to turn as it moves by the steel bauds X and Y, of which 
X is made in two parts so that there is balance of force. One 
end of each strip is fastened to tlie drum W, and the other is 
anchored to a brackcit, wbicli is carried on the machine body, 
and is adjustable in position for drums of different sines. 

The mechanism for moving the head in unison with the 
reciprocating rolling of tlie gear, consists of a cam carried on 
the wheel head cross slide and a roller earned on tho slide EE', 
the wheel head slide being forced up to keep the contact by 
means of springs. The water piping, nonzle, wheel, and splash- 
guards and other details are customary grinding-machine 
practice. 

Gears ground by the generating method naturally possess 
the advantages inherent in it, and these in addition to those 
due to the simplicity of the method of wheel truing in it, as 
opposed to thi^ complications mentiotied in connection with 
the form-grinding method. When the haidening treatment 
is careful, gears are little distorted, so that ground gears are a 
comparative luxury, the chief desire being usually an improve- 
nfent in the silence of running. Machines have been made 
to improve gears by running them together with abrasive 
powder, making a manufacting method of the old crude cure 
for noise. Where the desire is for the best, the fact that 
grinding on the generating principle is tho more expensive may 
be disregarded. 

In truing tho wheel for the purpose of form-grinding a 
worpi consideration must be given to (ho question of inter¬ 
ference. The worm may be finished in a lathe by a tool 
cutting on an axial plane, and of the shape of the section of 
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the worm—whieh almost invariably consists of straight lines. 
It cannot, however, be ground by a wheel trued to a similar 
axial section, owing to interference at other points. In Fig. 176 



is shown the worm and hob grinding machine of Messrs. 
Hohoyd, which i8 adupted for grinding worms either by foiTi 
jgrmding—in which case the wheel covers the whole worm 
■ surface at each travel—or by grinding a small portion of the 
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worm face at a time, and traversing the wheel down the tooth 
face at the reverse after each stroke. The latter process 
requires much longer time, but is necessary with worms having 
largo teeth. 

Hei-e the work is carried botwc'on centres on the headstock 
A and tailstock B, the latter of which is adjustable along the 
maui slide to suit various lengths of work or mandrils, and 
l.he reei))r()(iation of the table, which is by moans of a screw, 
carries t,be woi’k to and fro und(!r the wheel; at the same 
time it is rotated by the shaft 1) in due ratio by means of the 
change wheels at E. 'L'he drive for this table motion is obtained 
from two pairs of fast and loose pulleys (not visible) on the 
n-ar of the shaft k’. These are driven liy open and crossed 
belts, the forks of which are operated from the table by moans 
of sto])S on the rod seen in front of tiu' maehipe. This gives 
the )-eciprocating motion. The table can also be traversed by 
the band wdieel on the right. As w'orms and bobs frequently 
ha\e several stalls, a dividing mechanism, which can be set to 
act at either or botli ends of the stroke, is inserted ; the top 
of the driving pulley for this is seen at H, the changii wheels 
at .T, the trip mechanism at K, and the handle for hand opera¬ 
tion at li. The action is similar to that customary in gear 
cuttii'fs. The vertical adjustment of the wheel M is by means 
of the hand wheel N, just behind which is an automatic feed 
for this movement, so that when the wheel grinds the worm by 
fecaling down its aide, the motion is automatic ; the automatic 
throw-out, necessary for this motion, is controlled by the 
hand wheel P. The hand wheel Q traverses the horizontal 
wliecl slide w'hich carries the vertical swivel B, the vertical 
slide 8, the second vertical swivel T, and the horizontal swivel 
r to the wheel head. This cross adjustment serves to set the 
wheel centre vertically over the work axis for worm grinding; 
for shar])ening hobs the slide has to be run back some distance 
to bring the wheel to the correct position, iftie belt to the 
wheel s])indle runs over the idler pulleys V, W. The water 
sup])ly is shown at X and the spring roller'protecting coyer 
for the main slide at Y. • 

When the wheel is to be traversed down Ijhe side of the tooth, 
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the line of motion of the ‘ vertical ’ slide is first set to the angle 
of the tooth, and the wheel spindle then set horizontal by means 
of the second vertical swivel, but in form-grinding this need not 
be done, it being sufiicient that the wheel spindle is horizontal. 
The horizontal swivel is then adjusted to the angle of the worm 
thread, taken on the pitch line (which is not, however, quite 
definite nifless the worm wheel to be used is settled), and the 
wheel adjusted vertically until it is in the' correct position for 
grinding, and it is then trued. To do tliis so as to form the 
worm face correctly the diamond point is made to traverse 
over the (imaginary) desired w’orni face. This is done by 
carrying the diamond tool in a jig betwi'cn the centres, and using 
the automatic motion—pn.'viously set up as to the lead of the 
worm—so that the point of the tool ti'iices out a helix, which 
will in grindiip; be reprodueed on the worm. The diamond is 
carried in a slide which is adjusted to the angle of the worm 
tooth, and by slowly traversing it down this as the point of the 
tool reciprocat(‘S helically, the whole surface of (one side of) 
the worm will bo traced out by the diamond, which will during 
this movement turn away all parts of the wheel projecting 
across this tracod-out surface. The diamond point must be 
set so that the slide movement hy which it is slowly traversed 
at the angle of the worm tooth, wajuld, if it could be continued, 
make it pass through tlu! worm axis ; the reciprocating move¬ 
ment need only be sufiicient for the diamond to clear the wheel. 
Now if the actual worm be placed in position t he wdieel will grind 
it so that none of it projects acioss the surface traced out by the 
diamond tool—that is, it will form-grind it to the correct shape. 

Thi- motion traverses the worm past the wheel; the rcffhm< 
is raphl, ani on it the wheel does not cut. If the worm has 
more than one start, it is automatically indexed round between 
the strokes, the actual stroke set being longer than the length 
of the worm so as to allow time for thisj- Before actually start¬ 
ing the grindTng the wheel is raised a little from its ultimate 
position, and gradually fed up to it as the grinding proceeds. 
By adopting thts iT)|)thod of truing, no great difficulty ocems 
in setting the diamowl so as to true the wheel correctly, tliough 
the truing itself requires considerable time and care. 


2b2 
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Complex operations on a wheel whose shape is at best 
temporary are difficult to enforce in ii. shop, and how this 
ingeniously conceived method of truing fares in practice I 
cannot sny, hut theoretically it deserves success. 

The same machine serves to sharpen hobs in the same 
manner, except that here the feed is put on by giving tho hob 
a slight ('xtra rotation, without simultaneous axial motion, 
w'hich feeds its cutting faces into tho wheel face, previously 
trued in the manner just described. 

The machine illustraf.cd grinds worms up to T2 inches 
diameter by 18 inches long, and takc'S a wheel up to 7 inches 
dianieter. It is equipped for wet grinding, but only the 
delivery j)ipe and nozzle are visible (at X) in the view shown. 

Tho em|iloyment of ‘ form ’ grinding as a manufacturing 
process will increase, as the wheels are employed efficiently and 
tho machines are of simple construction. Tin* chief essential 
is that tho wheel should bo largo in diameter com))ared with the 
length of work surface ground ; tho grade of wheel should bo 
rather harder than would he used for similar work in regular 
machine grinding. In some manufacturing, wheels with faces 
up to T2 feet in width are used, a small reciprocating motion 
being employed to keep tho wheel face straight and to reduce 
scratch marks. 

Some other forms containing ‘ generating ’ lines may be 
produced by traversiiig the wheel over the woi'k and retaining 
a width of contact, hut these forms are not useful in (mgineering. 

Cam Grinding.—With tho ('niploymont of hardened cams for 
high speed work, such as petrol engines, jigs and machines have 
•been designed for grinding them so as to secure the advantages 
of the resulting accuracy. Small cams, whether "separate or 
integral with the shaft, can he ground by means of swinging 
fixtures in a Plain or Universal Grinder. P’or cams ground on 
the camshaft, tho swin^ng part must take the form of a small 
bed carrying a tailstock So as to accommodate various lengths of 
shaft. Tho swinging motion must ho dorived from the rotation 
by jutjans of a master cam. A similar arrangement is sometime^ 
used for grinding reamers with a convex'backing off. 

For larcer cattis snecial machines are desirable; one suchi' 
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by Messrs. The Churchill Machine Tool Co. is shown in Pig. 
177. The cam spindle is here carried on a cross slide, and its 
movement to and from the wheel is controlled by the master 
cam, carried on the cam spindle close to the cam which is being 
ground, and which is kept in contact with a roller by means 
of a weight acting on it tliroiigli a pinion and rack. The 
roller is carried on a lower cross slide, which is slowly fed 
towards the wlieel by a mechanism similar to that of a Plain 
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Grinder, the feed taking place at eaoli oscillation of the u^or^ 
cross sl’Ue. .The wheel has a traverse motion over the face of 
the cam by means of an adjustable crank motion, and has a 
quick hand motion for withdrawing the wheel from the work. 

In thus grinding a cam by means of a disc wheel tho precise 
shape of the ^am is dependent on the size of the wheel, the 
cams ground by the machine having a slightly different shape 
as the wheel .weais d^wn. If the cam has a form such that the 
difference becomes important, tho diameter of the wheef used , 
should be kept between certain limits. This difficulty can be 
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got over by using a face wheel, which is equivalent to a disc 
wheel of infinite radius as regards this purpose. However, 
as the errors involved aie usually insignificant, and the surface 
produced by the disc wheel is superioi', earns are usually ground 
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by this method. If the edge of (he cam is hollow at any point, 
a face wheel could not bo used, and a limit is at the same time 
set on the diameter of the disc wheel which it is possible to use. 

Link Grinding. —The grinding of links for locomotives 
has been the regular practice for many y,pars', and in Pig. 
is shown a machine built by Messrs. Boyer, Peacock & Co., 
Ltd., for this puipose. The machine illustrated is a doable 

• r ** 



FORM GRINDING AND CURVED SURFACES' 376 

headed combination link and hole grinder, and for the latter 
purpose the cylinder grinder method of page 247, which was 
first brought out -in 1887—by this linn, is employed. 

Here A is the main spindle, revolving in bearings at B and C, 
and carries within it a sliding spindle D, the axial movement 
of which traverses the wheel through the work. The spindle 
D is bored eccentrically for the feed-adjustment spindle E, 
which in turn is bon'd eccentrically for the wheel spindle F. 
This is driven l)y a belt running over the idler pulleys H, 
which are forced to maintain the tension on the belt by a 
spring in the case .1. Tlie main spindh; A is simultaneously 
driven by a worm and worm wheel, the worm pulley K being 
belt-dnven from the pulley L. At M is the hand wheel for 
adjusting the radial position and cut of the grinding wlieel, 
which is done vliili' the spindles are in motion through the 
differential gears seen at ,V. The vertical reciprocating 
motion of tlie spindle is obtained tlirough elliptical gc^ars 
in the case 1’, which drive a slotted disc Q, from whidi the 
motion is transinitb'd by the connecting rod II. By means 
of the handli' S, this can be locked to the lever T. which moves 
the spindle by a collai' connection, and also balances it by 
the weights U. The k'ver T can also be operated by tho 
handle at its front end. At V is the water supply. The 
whole of this mechanism is carried on the head A\, which is 
fitted to slide in the base X, and can be adjusted to and fro 
in it by means of the wheel Y. which operates the screw 
through a W’onn and w’orin wheel. The whole can be adjusted 
on the longitudinal slide of tho machine by means of the 
hand wheel Z, so that the two heads can be adjusted to^any 
points of tjj.i work, which is carried on the table a in front of 
the machine. Holes are ground in tho same manner as in a 
cylinder grinder, but for links tho wheel spindle is not carried 
round, the link being held in and moved by the frame b. For 
straight link* this slides on tho table a, and is guided by the 
gibs shown in position ; for curved links it is fastened to, and 
its motion t}ius.controlled by the radius bar c, which is pivoted 
at an adjustable point d carried on a fixed bar e at tire rear 
of tho machine. Tlie radius bar is removed for grinding 
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straight, and the gibs, for curved links. ITie reciproeatmg 
motion is given by the linkago /, which is driven through 
elliptical gears, so that the important advantage of a nearly 
uniform motion is obtained. 

Grinders with more than two Wheel Spindles.— It is sometimes 
necessary that a face should he square with a hole, and it \3 
then convenient to be able to grind them at one sotting. This 
can easily ho done on some Universal cutter grinders which 
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are ('quipped tor circular grinding, and some machines liave 
Ja^efi placed on the marked specilically for the purpose. If a 
machine be lilted with more grinding sjiindles, r:nd suitable 
stops or throw-outs, more complicated work can l)o duplicated 
at one setting, and the machine corresponds more or less to a 
capstan latlu'. 

In Fig. 17'J is .-.liown the Biyant Clmcking Griiider, in whio 
three paralkd spindles are caiTi(!d in .sleeves, which can b 
adjusted axially to their woi-ldng positions by moans of th 
three handles s('en at the right near the'top of tho machine 
the h'vcr s(ain near the Inindles locks the sleeves in the arraiigei 
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positions. The whole head carrying these wheel sleeves 
traverses, the positions of the reverse being controlled by the 
dogs on the front. The work head is carried on a cross slide 
which has hand and power feed, and the whole slide is arranged 
to swing about a vertical shaft for taper grinding; the work 
swindle is driven by a bolt from a drum carried in this swinging 
part and driven through bevels from a shaft in tbo main body. 
The spindles carry 10-inch, G-inch cup and 3^-inch wheels 
respectively, and smaller internal work can bo provided for; the 
traverses vary from f’,, inch to ^ inch per revolution of the work. 

The Churchill Three-Sirindle (Iriuder, shown in Pig. 180, 
carries three spindles on a capstan head, by the rotation of 
which the spindles usually carrying wheels for external, 
face, and internal work—can be brought into their working 
positions. Tli^ cap.,tan is mounted in tbo place of tbo wheel 
head of a Uni\ersal Grinder, ."tid not only chuck work but 
work between the centres can bo done. The spindles are 
driven from overhead by a l)elt. which is shifted from spindle 
to spindhi as needed. 

The capstan typo has been employed for as many as six 
spindles, an idler pulley being mounted in its centre and 
the belt transferred on to it while the capstan is being revolved. 
That these machines have been placed on the market is an 
indication of the trend of development and trial; whether 
they will hold a permanent place in manufacturing establish¬ 
ments is an open question. It is seldom that it is necessary 
that a piece should b(* so accurate in its various surfaces as 
to necessitate grinding them all at one setting; parallel 
surfaces and holes true with them can be ground within vei^' 
close limits b 3 *t''o aid of magnetic chucks, and as a general rule 
it is cheaper to do work in two operations on simpler macliincs. 

A machine by the Norton Grinding Machine Company 
for grinding the outside of ball races in quantity is shown 
in Fig. 181; il is fitted with an automatic work head, into 
which the work is fed down a slide. The wheel is driven from 
overhead in the lisnjl manner, and the other motions ^are 
driven from the pulley A. To the left this drives a train 
of gears in the case B and so the shaft C, which at the far end 
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D drives a cross shaft connected with the traversing mechanism, 
and at its centre has a cam enclosed in the case E, which 
operates a lever piloted at P'’, and so the wheel head. P’rom 
A the motion is transmitted to the right throngh bevels 1,0 
the inclined shaft GU, and so through ho^'cls at H to the work 
head, the speeds of which are obtained through a small gear 
box, and the automatic feed motion tlii’ough a cam. Tho 
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work is delivered to the machine Iiy the slide K, and is removed 
after grinding by the travelling cliains L. Mechanism for 
giving the cy^le of motion to the wheel head is shown in 
Pig. 182, where tho cam Z in tlie case E and the pivot F of 
the lever Y are lettered to correspond with l^ig. 181. The 
wheel head P js mow'd by tlie nut Q, which is fitted with oil 
retaining caps R, R'! Tho scrow S receives a reciprocating 
motion, giving thg automatic movement of tho^ wheel head 
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for each piece of work, from the rod T, which is moved by 
the lever Y. This receives its motion from the cam Z, and its 
forward motion is rigorously limited by a stop screw. To 
compensate for the wear of the wheel, or to make other 
adjustments, the screw S is rotated l)y its tailshaft T' in the, 
usual way ; by these means a double cross slide is avoided. 
The rotation of the screw is given by hand through the gears 
I’, ir from the handle V, and the usual fine adjustment is fitted 
by means of the gear W. pinion W' with division plate and 
lateli X. 

Grinding Shafts and Bods, &c.—Ordinary sliafting and 
slender rods, already turned or drawn fairly close to size, can 
he best ground by aid of a. steady fixed ri'lativeljf to the wheel, 
as described in Chapter V. A machine, suitable for rods 
up to J inch diameter, is shown in h’ig. 1S3. This macliine was 
constructi'd by Mr. Hans Eenold, and both the wheel and 
feeds are (lri\ en by chains. The chain to I ho wheel spindle is of 
the ‘ silent ’ type, i inches wide, and the cliain wheel 4 inches in 
diameter; the wheel is IG indies diameter and 2 inches face. The 
work is rotated and simultaneously fed forward by the head at 
the left-hand end of the machine, passes through the steady 
and is ground, ami then is received by the head on the right- 
hand end of the machine, which continues to effect the rotation 
and traverse after the rear end of the work has left the other 
liead. This motion is drivim by the chain E, which drives a 
shaft in the body of th(‘ machine ; from this the chains C and D 
run to sprockets on the work heails. The four heads I'l, T, G, 
and H are of similar construction, a worm on the sprocket 
■ sliaft driving a worm wheel, upon the shaft of which a convex 
disc, .1, is mounted. The work is frictionally dViven by two 
opposed discs J and K, the heads carrying them being vertically 
adjustable so as to give a variation of the ratio of traverse 
to rotation. In other machines the combinejl rotation and 
traverse is given by the mechanisms used in the roller feeds 
of capstan lathes. The rods pass througli the tube L to the 
central dies N, and are finally delivered Aom the second heads 
to the receiving channel M. The dies* are controlled by the 
screws at and the wheel head is fed up jty the hand wheel P 
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until an abutment on it meets the end of the micrometer 
screw Q, which is adjusted as the wheol^ wears. 

The steady bears for a considerable portion of the circum¬ 
ference on the work, and must b(! adjusted so as to support 
the work on both sides of tlie wheel without appreciable shake,. 
receiving the unground work on the left, and passing it on 
the right after it is ground lo size. The wheel fias a coarse 
grit on the left hand sid(' h)r roughing out, and a fine grit 
on the right sid(' so as to secure a good finish. 

If more than 0'002 inch has to b(‘ removed—and this is about 
the accuracy to be expected in bright drawn steel—the shafts 
have to be passed through th(' maehiiK' twice to secure round¬ 
ness and accuracy of size. I have examined bars ground on 
machines of several makes (in addition to my own) and find 
that O'OOO,') inch is a. limit., both as regai'ds roundni'ss and gauge 
size, which can be obtained without difficulty, while 0-0002.5 inch 
or less cati be attained. The surface produced is seldom as good 
as that of comnuTCial jilain grinding, but a iiigh rate of output 
is aimed at. Hamples of work from the machine illustrated 
bear no evidence that the wlnad was driven by a chain. 

Steel balls ai'e ground by an ada])tation of the old process 
for making ‘ marbles.’ The rough pieces are placed in a vee 
groo\ (? in a rotating face plate and operated on by a, face 
w'lieel on a parallel, imt not concentric spindle. The action 
of this, whilt' it grinds the top off a. piec(>, turns it round in 
tlie groove, and so prcs('nts a fresli point to be ground, so that 
the nearly spherical balls twist over continually as they run 
round the vee groove and continually become more nearly 
RjJlierical. Steel balls are nearly sphtfrical after hardening, 
and in their case the face wheel and the ball 'face plate are 
co-axial; they rotate in oj)posite directions, and the balls 
are caused to twist so as to present other portions of their 
surface to the wheel by the action of a stationary edge bearing’ 
on them, or the groove is s{)iral, and after travelling along it the 
balls are transferred by passages within the grooved plate to 
the ^starting point, and can be examintid when on the w§y.. 
After grinding the halls are polished ‘in a tumbling barrel. 
Rollers are finished in a similar niarmer. 
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Machines and attachments are on the market for several 
special purposes, such as the automatic sharpening of band 
and large circular saVs, the truing-up of lathe centres in position, 
&c., but except as examples of ingenious mechanism these 
present no special haitures. The machines d(‘scribed above 
have been selected as illustrating methods of grinding, or as 
suggestive of development. 

Jigs and Fittings.—In the design of special grinding 
equipment and jigs, in addition to the >isual considerations, 
those introduced by the accuracy aimed at and by the process 
of grinding itself must bo bona' in mind. The work must not 
be held in a manner lialile to s|)ring it, and usually very little 
hold is necessary ; split and magnetic chucks are often suitable. 
In important work the geometrical effect of errors in the 
alignments anA titling should be reckomal out. .Vll connec¬ 
tions and mox'enu'nts should he as direct as possible, and 
backlash taken out wherever ])ossible by springs or weights— 
in quickly acting mechanism the foinier are to be preferred 
on account of the lesser inertia effects. ()\ erhangs should bo 
reduced to a minimum, this often making the difference between 
a line and a poor finish. The effect of the grit is to be 
considered, and protection provi<led to parts when necessary. 
All belts, electrical conductors, and switches musi, be located 
well away from the water-supply and si)ray. If dry grinding is 
adopted in a manufacturing process, dust extraction must be 
provided for. In most of the machines illustrated the wheel 
and work are brought into contact gently, and in automatic 
manufacturing ojx'iations this should alwa^ys bo aimed at, the 
feed being slowed at the moment; when this is inconvenient 
an elastic wW.ff should be used, or the disc grinding method 
adopted. ■ 
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POLISHING AND LAPPING 

Polishing. —Polishing consists of grinding with <1 buff, mop, 
or belt, charged with abrasive powder; the elasticity of the 
material carrying the abrasive enables it to follow any small 
irregularities of the surface of the work, so that a true shapo 
is not produced, but any surface projections and roughnesses 
are smoothed off. 

Th(« kind of powder used varies with tin' raiitiuial and class 
of work; line emery for coarse work is follbw('d by crocus 
powder, rouge, or lime as the work’s surface becomes finer. The 
particles of rouge, rotten stone, and Vienna lime vary from a 
twenty-fifth to a hundredth of one-thousandth of an inch, or 
less, in size. 

Whatever the grade of work, high spindle speed and adequate 
power are necessary to rapid economic production; high 
spindle speed is also necessary, otherwise mops wear away 
quickljy and the speed should be increased as the mop wears 
down, or the mop should bo changed on to another machine 
having a faster-running spindle. A circumferential speed of 
.5000 to BOOO feet per minute is usually suitable. The cost of 
the power (energy) used represents a considerable item in the 
t^tal cost. 

Polishing Lathes. —'Ihe total energy consist?, in that used 
in actually doing the polishing, and that absorbed by the, 
friction at the bearings, and since the spindle often runs con^ 
tinuously under a mther tight belt, whether it is aotuallyi 
being used or not, the latter portion is high. 'As the wotk-w ' 
not highly accurate, and it is not necessary that the spindle;*; 
should fit closely in its bearings, these are usually unduly 
neglected, though the cost of reasonablo.attention is wellyepaiH^ 
in the power saved. The men, machines, and belts usually 
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under hard conditions, and it is only recently that dust ex¬ 
tractors have come into general use; if a machine is to be run 
under such conditions it must be simple and cheap, and this 
is the reason why the bearings of most polishing spindles ate 
not provided with such effective lubricating and dust-proofing 
arrangements as are really advisable and economic. The 
manner in Vliich oil acts in a running bearing is well known, 
but it may l)e briefly recalled here. The diameters of the 
journal and bearing differ by a certain amount, and the space 
is occupied by a continuously replaced film of oil. If the 
surfaces are merely greasy the friction is many times greater 
than if the oil film is perh'cfi; in fact, should the oil film be 
broken horn any cause the friction instantly inci'cases to a 
very considerable a)noimt. lienee for such bearings a well- 
arrangc'd lubrigafr. g systcmi would soon save its cost in the 
power saved. 

At starting the oil film is not ready, and the starting effort, 
or torque, in a propeily lubricated bearing is considerable, 
especially if the lit is clos(‘; when, however, the oil film has 
formed, the (‘I'fort necessary to keep t he shaft turningimmediately 
drops, and it decreases further as tlie oil gets suitably warm 
and so thinner. The power reciuired to run a shaft must not 
be judged from the starting effort. Polishing heads are usually 
merely fitted .with a Btauffer lubricator on each bearing, while 
for power economy they should have a .supply of oil introduced 
at the right point of the bearing, and be thoroughly dust- 
proofed. 

Since good ball bearings have become commercial articles, 
they have been fitted to polishing heads in order to save tkas 
power loss; «fliey must bo very perfectly dust-proofed, but 
have the great advantage of requiring practically no attention. 
The power taken is less than for a spindle with ‘ oil bath ’ 
lubrication, but not so much that it seriously affects the power 
bill; it is of c^rse very much less than for a spindle which is 
merely greasy. 

Small polishiitg ^undies are often simply spindles with 
pointed ends, rapport»d by wooden blocks forced against* the 
points; for freehand grinding the same cheap construction 
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is advantageous where wheels of different diameters must be 
used in succession, as the spindle with its pulley and wheel in 
position can easily bo changed. 

Belt Polishing Machines.— AVhere it is desned to preserve 
sharp corners on the work, and in some other cases, a running • 
belt charged with abrasive is more convenient thap a polishing 

spindle, jiuch a machine, by 
the London Emery Works Co., 
is shown in Pig. 1B4, and con¬ 
sists merely of an endless belt, 
charged with abrasive, and driven 
by power from the pulley A. 
At 1! is a necessary tighten- 
hig pulley. The belt is usually 
supported at, l-he''j)laco C where 
the work is ap])liod to it. Three 
pulleys are usual, but not neces¬ 
sary—the driver and a tension 
pulley arc sufficient; the grind¬ 
ing can bo done at or near the 
latter, which should be covered 
with rubber to make a better 
cushion. 

Belt polishing machines are 
also arranged with a flat support 
at G for polishing up flat work 
(such as the sides of hexagon nuts), but are not so efficient 
fvr this purpose as the disc grinders previously described. 
The speed of the belt cannot bo so high as that of a steel 
disc towards its edge, and the under-side of the belt rubs 
along the support at 0, causing friction. 

Polishing is a cheap process, and can be sometimes used 
to displace machinery operations. Owing to the dust it can 
only bo commercially conducted in a special department, which 
should bo fitted with adequate moans for e,xtracting the dust 
as it is formed. 

The Surface Produced.— The surface produced by pohshing 



Fig. 184.—liEi/r 1 *oli.shing 
Machine—J.,ondon Kmery 
Works Co. 
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is very bright and to a high degree smooth, but very close 
examination shows that, where the material polished consists 
of parts of diii'orent hardness—such for instance as ferrite (P,p) 
and cementite (FoaC) in steel—the softer parts are rubbed 
away and the harder ones stand out. In some cases the softer 
parts are spread over the surface to a certain extent, and this 
helps to give the uniformly bright appearance; this action 
depends upon the particular polishing powder used. 

Burnishing. —A very bright smooth finish is produced by 
burnishing, in which the small irregularities are pressed or 
rolled flat by a hard j)olished tool, usually of hardened tool 
steel or agate. The work surface is hardened by the process, 
but burnishing is seldom used in enginoeiing work, although 
the effect is produced incidentally—e.g. by roller steadies. 

Lapping.— fii grinding the abrasive particles are carried by 
being cemented together; in polishing they are carried by a 
soft mop or leather, but they may be carried by being embedded 
in a piece of metal, which is termed a lap, and the process of 
using it is termed lapping. 

The lap may be charged with abrasive powder so fine that it 
would bo impossible to make it into an effective wheel, so that 
lapping is used to give a fine surface to work already ground, 
as, for example, the smoothing of tho edge of a tool. In certain 
cases, by particular adaptation, it can be used also to improve 
the geometrical shape, as in the cases of standard gauges. 

As generally tlui process is used on work previously ground, 
the abrasive powders need to be very uniform, so as not 
themselves to cause scratches in the work. Pine alundian, ^ 
carborundun^ emery, crocus, rouge, alumina, and diamond 
dust are most frequently used. 

Grading Fine Abrasives.— The best method of separating fine 
particles of a substance according to their size is to mix them 
thoroughly witli a liquid and then allow it to stand. The larger 
particles fall to the bottom first, and the liquid then contains 
in suspension po ^arMcles above a certain size. It is carqfully 
poured off and the protess repeated, so that the original powder 
can be separated into a number of lots of particles, each lot 



888 


GBINDING MACHINEBY 


being nearly of the same size. They are denomiiiiif cd as p( >vders 
of so long (e.g.'ieu niiunk's) suspension in the Jiijiiid. ' his is 
very indetinite. as the distance the purtieles ha\ e to fall ii the 
Iluid is a factor. Various oils a,iid jiaratlin aiv suitable uiids. 
It is this vcu-y slow falling of ^'ery line jiaiticles which k eps a 
cloud of line vater jmrticles suspended in air. The r. le of 
falling of a sphere in a j)articular Iluid can ho calci.lated 
inathiunatically, the theory having been worked out by JTof. 
Htokes. so that the size of tho particles can he determined 
should it he desired to know t,hein foi' any particular object. 
This principle of seiiaration was usetl hy VI. ihurin to obtain 
quant.it.ie.s of similar very tine particles for his microscopic work 
on the Brownian VIovement, and in this case the rate of separa¬ 
tion of th(‘ ('xcessir ely minute particki.s was increased by using 
ceni.rifugal force in the same manner as a eentri,fugal separator 
hastens the separation of cream and milk, which takes place so 
slowlv by gravity. L may he pointed out that the particles 
will separate out of the emulsion more quickly if it is placed in 
shallow dishes, as tho paftieles have not so far to fall. 

Charging Laps. —The lap or piece of metal canying the 
powder is charged, or has the powder embcddi d into it, by the aid 
of a piece of much haixler material, usually hard steel or stone, 
such as agate The hard steel has the advaul.age that it can 
be formed into a very true roller. When a particle comes be¬ 
tween the hard steel and tho softer lap. it is forced iut > tho latter 
and remains there, and for this reason the material of the lap 
must be softer than the work lapped, otherwise particles will 
leave the lap and become fixed in the work. The arbors of old 
' clocks will ht‘ found to have worn hy dust becoming charged 
into the bearing, and so cutting the steel arlior, which therefore 
wears although it is so much harder than the (brass) bearing. 

Eor the best work the particles are to be embedded in the 
lap, and those not embedded removed before tjie lap is nsed. 
Quicker work is done by feeding fresh abrasive to the lap, but at 
the expense of quality of the result. 

Lead, various white metal alloys, co|ipor, brass, cast irqn, 
mild steel, and glass are all used as laps. The softer the 
material of the lap the larger the particles pf abrasive which it 
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can be charged ith, and the more rapidly it will cut. The 
quality of the work produced on the other hand improves with 
the hardness of I n* lap and the fineness of the powder. 

• Lapping Machines for Flat Work.—When a wheel lap— 
wholhor tlie si ',<■ or face is to bo used—is made, it must bo got 
vpry true befui e being charged, as otherwise the wheel will not 
touch the wi scontinuously, for the particle.s stand out from 
the surface ^o minute a distance. The wheel therefore must 
bo made true u|)oii the spindle while it is running, and charged 
with abrasive, and used 
without being removed 

from the spindle; other¬ 
wise the necessary truth 
is lost. Th(! material em¬ 
ployed in nteel laps is 
cast iron r.r copper. In 
Pig. 185 is shown a ver¬ 
tical spindlo machine in 
which the Hat side of the 
wheel is used, and by its 
side the roller used for 

charging the disc. Lap¬ 
ping of this nature par- jfjj, jgg— v*krtical L.tmNo Maouike— 
takes of the nature of. Lud. Loewe 

grinding, more especially 

in a case s ueh as that of the grinding of small holes by means 
of a mild steel lap charged with emery (see page 41), in which 
case the movement of the work is entirely mechanically guided. 
It merely consists in substituting a wheel charged With 
abrasive lortn: composed of abrasive held together by bond. 

In what is regarded as more properly lapping, as opposed 
to grinding, the work is m contact with the lap over a large 
portion of its^area—such are the cases of lapping end gauges 
on the flat ends and plug gauges on the cylindrical surface. 
This area, over which the abrasion proceeds, makes this lapping 
niuch quicker tliaii ^here the nearly-hne-contact of a wheel 
edge is used to produtc work of so fine a quality. 

PrlnelDles of XaDOine.—The.obiect of lanninc in these 
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cases is, not only to improve the quality of the surface, but to 
attain a higher degree of geometrical accuracy than that 
possible in grinding, and the accuracy aitainable stands to 
tliat of grinding much as the accuracy of grinding stands to 
that of turning. For examphi, however well a bar may be 
turned, if it is placed in a grinding machine and a light cut 
passed over it, numerous defects of surface and truth at once 
become apparent; in the same way, if a carefully ground 
part be lapped, similar delects of a much smaller amount 
immediately make themselves apparent. The defects of the 
grinding of round parts which have to slide, such as drilling 
machine (prills and milling machine arms, are soon shown up 
by the rubbing action in sliding; usually a broad screw thread 
appears round such parts, the effect of the traverse of a very 
slightly rounded wlnad. T'be de|)tb of such a tluead is hardly 
measirrable, but in certain lights it shows up conspicuously. 
I have found that very striking traverse marks are lapped 
out when less than inch has been removed from the 

work’s diameter, so that the depth of such marks is less than 
0-00005 inch. 

Allowance for Lapping.—We hence see that in grinding 
work for lapping sufficient must be left, on so that the following 
process will take out tlie marks of grinding—just as the lowest 
allow'ance in turning for grinding is that at which the turning 
marks will clean out. As lapping is a very slow process, the 
least possible amount should be loft on, and th(! grinding done 
very carefully. The amount necessai-y is from one to two ton- 
thousandths of an inch for work up to 3 inches diameter. 

< * Again, in lapping, successive laps may frequently profitably 

bo used charged with finer and finer powders, 'So that even 
the worst scratches left by one will be removed by the next, 
and the surface continually improved. 

The surfaces which are best adapted tp lapping are 
those in wliich a considerable portion of the surface of the work 
keeps in contact with the lap, as they move relatively to one 
anotjliersuch as flat surfaces or screw threads. 

That the results of lapping excel thos6 of grinding as regards 
accuracy is^due to the errors caused in the latter process by 
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the oil films and by vibration. In lapping one surface acts 
directly upon another, and the effect of the oil film round the 
grinding-wheel spifidle is eliminated ; if, however, the lap does 
not keep contact with the work, errors (such as the ends of a 
plug gauge being small) creep in. 

Surfaces which can be Lapped. —When two surfaces are in 
contact, one element (that is a small portion) of one may move 
upon the other in one or more directions, keeping the contact, 
according to the shape of the parts—that is, there are two 
‘ degrees of freedom ’ possible in the movement of the surface, 
but these may be reduced to one, or to none, by the nature of 
the surfaces. The last case, when! the surfaces are not able 
to move along one another, does not interest us; in the first 
case, which includes flat and spherical surfaces, and circular 
cylinders (plijj! gauges), the stirfaces can move in two directions 
on one another, without, losing tho surface contact. For 
example, a plug gauge can i.urn round in a ring gauge and slide 
to and fro at tho same time; or one flat surface can slide on 
another and turn on it simultaneously. These are the kind of 
surfaces which profit most by lapping, and their truth can be 
improved in both ways by tho process. In the second class, 
to which belong conical surfaces and screw threads, the motion 
of one surface over tho other is possible in only one way ; the 
conical surfaces, for example, can only be turned round, but 
caimot be moved axially without separation. Lapping in 
these cases only improves tho corresponding truth of the 
parts—that is to say, the lapping of a conical surface improves 
its roundness, but not the straightness or angle of its taper, 
and lapping a screw improves the uniformity of its pitch mnd 
its freedon# f’-om drunkenness, but it does not improve the 
shape of tho thread—nor can it make the pitch nearer to any 
arbitrary standard: it merely averages the errors. 

Lapping ^pherical and Flat Surfaces.—Ketuming to our 
first case, the lapping of flat surfaces such as the ends of length 
gauges, of micrometer screws, &e. The flat surface is a special 
case of a spherical surface in which the curvature is zero. 
.If a spherical bowl ft) placed inside another and touches it all 
over, the first can be turned round a vertical aus, keeping its 
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contact complete, and also tilted sideways—that is, turned 
round a horizontal axis—also keeping its contact, except just 
at the edges. If the first bowl be the work imd the second the 
lajl, moving thorn together will gradtrally wear the first bouil 
down until it becomes a uniform fit in the second—that is, it 
will have a spherical shape. The second bowl or lap will not 
wear much as the abrasive is embedded in it; its '.shape will, 
however, gradually become more spherical, as the higher parts 
will do their work first. In ‘ grinding ’ lenses this is the process 
adopted; the lenses are kept continuously in motion while 
pressed against a spherical lap, which is convex for the concave 
lenses and vice versa, and so the lenses are gradually lapped 
to the desired radius. 

As the radius becomes larger and lai-ger, the curvature of 
the lens or bowl becomes shallower and shallower, and finally 
it becomes a flat plane. Still further alteration of curvature 
makes the work concave, and the lap wiD be convex. Such 
lapping does not essentially make for flatness : it makes for a 
spherical fit, and something further is necessary to secure flat¬ 
ness. This is similar to what occurs in originating surface plates; 
two scraped together must be spherical, but the simultaneous 
working of a third is necessary to secure flatness. To lap a 
surface flat it is best to make use of previously prepared flat 
surfaces as a guide; one surface moving on the other will 
keep parallel to itself, and a body carried on it can therefore 
bo lapped flat by the motion. A convenient jig for lapping 
the ends of rods flat is shown in Fig. IHfi. The j)art A to be 
lapped—here supposed cylindrical and a good fil. in the hole 
fonils reception—is ludd in the part B, which moves on the 
part C, which it touches over the annular area i). ,.'i'he central 
part E of the body C is charged as a lap, and by mbbing the 
end of A on it in the motion the end of A can be lapped flat. 
If the two ends of A are to be parallel, the axis of the hole in 
which A fits must be accurately perpendiculaV to the flat 
surface I). This can be secured by grmding the surface D 
when the part B is on a true mandril. If^the'piece A which is 
to be‘lapped is square, the hole in B must be replaced by two 
flat surfaces, which are each made square with the surface D‘., 
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In this case of lapping spherical and flat surfaces, there is 
no question of fit of lap to work ; the surface of the work lies 
in contact with the particles emliedded in the lap, and is pressed 
tcf it by a suitable force. Free particles of abrasive matter 
should be washed off before lapping, so as not to roll loosely 
about between the two surfaces. As the material of the work 
is removed m very minute portions it is important in all cases 
that the surface should be machined — usually ground — 



closely to sliapo, with as little as po.ssible left on to bo removed 
by lapping, before lapping is commenced. 

Plato glass is iiow produced so very nearly flat and paraMel 
that it can be used, when charged, as a lap for flat surfaces. 
It has the advantage that its truth of flatness can be easily 
tested optically. If two pieces of glass are squeezed together, 
bands of colour are seen, formed by the interference of the 
reflected lighf at the surfaces which are placed together. 
Actually there is a thin film between them, so that the reflexions 
at the very near^uriaces interfere. If the bands are uniform 
and wide, the surfaew tit uniformly, so that if three fit one 
another in this manner they are flat. Such glass plate, charged 
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with flour abrasive, forms a convenient means of rectifying 
the ends of micrometer screws which are worn; the screw is 
set up to the plate so as to hold it very lightly against the anvil, 
and the micrometer is then moved to and fro. f 

Lapping Cylindrical Work.—A lap suitable for parallel ■ 
circular work such as bearings and plug gauges is shown jn 
Fig. 187. It is important to make them very carefully, other¬ 
wise only a small portion of the charged surface will be actually 
lapping, and the time taken will be increased. The length 




Fio. 187 .—Lap fob Kxtkrnal Work 

of the lap sliould be about equal to that of the work. In 
making, it should be bored, split, and fitted up ; then the lap 
should be compressed a little by the screws A, A', and ground 
t<i size when so compressed, and a slight relief given at I), 
In use the lap must bo sot up to the work by,means of the 
screws A. so that there is no play, and the screws B, H' are 
then used to lock the position. If there is play the lap will cant 
a little as it moves over the work, and tend to lap it small 
at the ends. Plenty of oil must he used; a roless is provided 
at (J to receive it, and soft wood strips at the outer part of 
the slot to prevent its escape there, f he dap must he con- 
timfdlly moved lengthways to and frp, as the work rotates 
inside it. It should at first have a longitudinal movement more-. 
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than its length, and this amount should be reduced as the 
work progresses. At frequent intervals it should be reversed, 
end for end, on the work. 

• For purposes requiring loss accuracy a half-lap is sufficient, 
and it can be applied very easily. 

Much inside lapping is done in manufacturing—not for 
the perfecting of ground work, but as the cheapest way to 
produce the work. Small holes in hardened steel parts when 
contracted a little in hardening are quickly lapped to size, while 
grinding them is difficult on account of the small diameter. 
Carriage axle boxes of small diamol.erare also commonly lapped, 
as, being about 1 inch diameter by (i inches long, grinding is slow. 
They are made of cast iion, chilled on the inside, which is 



Fia. ISR.—I.Ar for Internal Work 

taper so that the chill can be easily knocked out. The hole 
needs to bo cleared up and made parallel. For this and similar 
classes of work lead laps are the best; they are quickly made 
by casting the load round a^sipiare notched bar which is centred 
at the ends, so that the cast lead can be turned to size, and they 
take a charge of rather coarse emery easily. For very accurate 
work they are not suitable, as they are very soft, and so do 
not keep their shape: neither can they be expanded so aj to 
fit the hole qjoscly, and so prevent bell-mouthing. A suitable 
lap for such work is shown in Fig. IBS. T'he taper mandril 
should be ground and the split lap, which is preferably 
keyed, ground in position on the mandril. The mandril 
taper should •be about one per cent. 

Accuracy Attainable. —^As regards the accuracy of the process 
When at its best Tit T*ay be noted that standard plug gauges Ly 
first-rate makers have errors of about jtriinr inch, while 
the flat gauges made by Johansson and others are generally 
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of a higher accuracy still. These are actual standard length 
dimensions; the accuracy of the surface produced to itself 
is higher. In order to ascertain the cause of the force between 
flat gauges when wrung together for building up a required 
length (sec page 406), Mr. Budgett lapped the surfaces he experi- , 
mented with true within the one-millionth of an inch, as tested 
with optical proof planes. He proved that the adherence was 
almost entirely dun to very line fluid films between the surfaces 
of the gauges. 

Internal limit gauges c.an bo ground within rirlw hich, 
but if the conveniences are at hand it is well to lap off the 
last one or two ten-thousandths, at any rate at the go-in end, 
as the life of thci gauge is so much increased by it—there 
being more material close to the gfamietrical surface. 

The sine of a hole cannot well be measured except by the size 
of fhe plug which will go into it. A plug can be made so 
tight a fit in a ring that it can hardly bo moved, and a reduction 
of a ten-thousandth of an inch makes it an easy lit. A 
reduction of half a thousandth of an inch makes the plug 
appear to be quite loose in the ring. 

The object of lapping a screw is to correct errors of pitch 
and drunkenness by averaging them, i’or the finest work the 
same precautions must be taken as in lapping plug gauges. 
The lap must be collapsil)le and must be kept adjusted to 
the screw; it.-; lengtlx should be about equal to that of the 
screw; it should have a movement at first of more than its 
length, and this .should be reduced as time goes on, and it 
should frequently be turned end for end. This is very ex- 
j piAisivo, and can only be undertaken in particular cases; 
commercially, screws required to be accurate art lapped with 
less elaborate precautions, but with useful results. The sizing 
feed screws of the principal machines I used to make in Birm¬ 
ingham were lapped, wliich improved their action considerably. 
As regards the accuracy attainable, the screws used for ruling 
diffraction gratings present the most perfect results. A screw 
9 inches long will rule a grating 6 inches loKg with lines spaced go 
accurately that none of them arc a hundred thousandth of 8.11, 
inch out of position, so that all appreciable errors of pitch and 
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drunkenness are lapped out of the screw. The mounting of sucha 
screw introduces errors greater than those in the screw itself; 
and in the use of the ruled gratings, errors of a millionth of 
an inch in the spacing are perceptible, provided these errors 
are periodic. These screws aro lapped in a bath of water kept 
at a constant temperature, and the action is arranged to be 
automatic, fexcept changes such as reversing the nut. 

This accuracy is far beyond what is needed in any com¬ 
mercial work, but it shows the capabilities of the process of 
lapping. In lapping for commercial work, tool-room or other, 
the progress made can easily be judged by the appearance 
of the work, the fine scratches of the grinding cut and other 
irregularities gradually disappearing, and the high parts becom¬ 
ing bright first. The lap must be kept a close fit to the work, 
so that there^is i o shako to produce inaccmacy. It is ad¬ 
visable to grind before lapping if it is possible, and to grind 
very carefully, leaving a good quality of surface, and an allowance 
of one to two ten-thousandths of an inch on hardened steel. 



CHAPTEE XIII 

mASURINC; AND JTS BASIS 

The Basis of Measurement.—Modem grinding us essentially 
a process developed in response to the demand for increased 
precision in the manufacture of parts of machinery ; its success 
is due to its me(‘ting the requirements with such readiness as 
not lo necessitate the employment of exceedingly highly skilled 
labour in its use. Apart from the machine, however, there is 
the simultaneous necessity of measuring the dimensions of 
the parts produced, both by the operator who produces them 
and by the viewer in checking (hem, and the fine limits necessary 
have led to the development and manufacture of tools and 
gauges specially suitable to such work. 

Alternate Standards—the Yard and Metre,—The ultimate 
standards to which all m(‘asurements and gauges are referred 
are the British standard yard and the standard metre. The 
British standard yard is defined by Parliament to be the 
distance at C2'’F. between the centres of the transverse lines on 
the gold plugs in a bronze bar 38 inches long by 1 inch square, 
kept in the Standards Office; and the metre is similarly 
defined as the distance at the melting point of ice between 
^the ends of a platinum bar kept in the P’rench Archives. Of 
each of these there are a number of very caiofully made 
copies, and should either original he destroyed it would be 
replaced by moans of these copies. 

Both those standards are quite arbitrary; they are, how¬ 
ever—^which is ‘essential in a standard—very definite and exact. 
There has always been a desire for a natural, ultimate unit of 
reference, as is evinced by the terms cubit (length of the fore¬ 
arm)', foot, hand, and the familiar three barley-corns which 

once made an inch. These, however useful in the past, are 
, 398 
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all indefimte and variable, and hence likely to lead to disputes. 
The Eoyal Society took the matter up in the year 1742, and 
put foirward a standard yard; a copy was made later by a 
Parliamentary Committee, and finally was made the legkl 
standard in 1824 by an Act. At the passing of this Act, the 
question of adopting the length of a pendulum beating seconds 
was considered as a possible standard, but wisely rejected. 
The Houses of Parliament and the standard were destroyed 
by fire in 1884. The standard was tln'u replaced from its 
copies, as was provided for in the Act. 

Natural _ Standards.— -Although the metre was intended to 
be a natural standard and to be the one ten-millionth part of 
a line (meridian) on the earth’s surface, reaching from the pole 
to the equator, it is now, by law, tb(! length of the bar previously 
mentioned. More accurate measurements of the length of 
the meridian have shown Ibe i'onner estimate to be appreciably 
in error, and in any case it would bo a very difficult matter 
to compare any particular length with it practically. Sir 
John Herschol proposed to adopt the earth’s polar axis as 
the fundamental unit of length, but like the meridian length 
this is slowly changing, and hence not suitable as a standard. 
Similar objections apply to the acceptance of the length of a 
‘ seconds pendulum ’ as a standard ; its length depends on 
gravity, and is very difficult to measure, and further involves 
another unit—that of time. 

Perhaps, though it is so small, the most suitable natural 
standard would be the wave-length of lighi of a particular 
refrangihility (in air at a standard t(‘mperaturb and pressure), 
as this is mtimately connected with ultimate molecular structure* 
and the etlftr. Various measuremouts of the w'ave-length 
of light of different colours have been made by interference 
methods, and it is found that the wave-length varies from 

Hj = 3933 t(f A = 7604 tenth metres (j^,„ of a metre) from 

the red to the violet end of the spectrum. The light 
corresponding to Dj* (one of the bright yellow sodium Jines) 
l^aa wave-length of ^'00005896156 inch, or rather more than 
J O " }00 inch. It is true that there is a certain ‘.width ’ to a 
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line in the spectrum, but the difference of ‘wave-length 
corresponding to it is not one part in a million. 

Comparisons of the standard metre and yard make the 
rhetre equal to 39-3700 inches, or nearly 3 feet 3f inches. Con¬ 
versely one inch is equal to 2 •539098 centimetres. 

By special instruments—comparators—standard scales' 
such as yards and metres can be compared with one another 
to a degree of accuracy of about the one hundred thousandth 
of an inch. Whmi working to this degree of precision, the 
manner of support of the bar is important, and the effects of 
temperature variation would bo very considerable if any 
appreciable range were allowed. The expansion of hard steel 
is about 0'00001045 of its length per degree centigrade, so that 
with oven so small a temperature variation as that, a yard 
length of' hardened steel would expand nearly four ten- 
thousandths of an inch. Hence comparisons of scales to the 
degree of accuracy desired are made in a room carefully kept 
at a constant temperature. 

Subdivision of the Yard.—While the yard is the distance 
between the points on two exceedingly tine linos, workshop 
convenience usually calls for ‘ end measurements,’ such as the 
diameter of a shaft, the thickness of a plate, or the distance 
between two shoulders. The production of original standard 
gauges of an accuracy of a few hundred thousandths of an inch 
is very difficult, and involves the use of measuring machines 
of the highest degree of accuracy. The standard yard or metre 
has first to be copied for the purpose and then subdivided into 
smaller portions. There is also involved the problem of making 
j art accurate transference from the ‘ lino ’ measurement of the 
standard yard—that is, the measurement of an ordiinary scale— 
to the end measurement of the distance between the end surfaces 
of a flat gauge, or of the diameter of a plug gauge. 

End and Line Measures.—Bir Joseph Whitworth subdivided 
the yard into feet and then into inches by the production of 
end measures which would interchange. The principle used to 
compare end and line measurements wfes to make two eijd 
measures alike, and scribe lines across them close to the cejitre 
parallel to the end surfaces. The equal end measures were 



401 


MEASUBING AND ITS BASIS 

placed together with a pair of ends in contact, and the distance 
between the lines gave a line measure; then the two end 
measures were placed with the other ends in contact: the 
distance between the lines gave a second line measure; the 
mean of these line measures gives the length of each of the 
end measures. 

These ehd measures were square bars of hardened steel, 
such as is shown in the machine in Pig. 189, with the end 
surfaces reduced and carefully surfaced up parallel to one 
another. In making .such gauges two sides are ground flat 
and at right angles; the piece is then hold in a right-angled 
groove of a jig similar to that shown in Pig. 180, which has an 
end surface formed at right angles to the groove, and the gauge 
end is surfaced liy ruhhing on a charged lap whilst the motion is 
controlled by,tie- end surface of the jig being on a surfaced 
plate. By reversing the gauge the second end is lapped 
parallel to the first. 

The end measure gauges could bo compared by the use of 
the Whitworth Measuring Machine, and ))y having a number 
of equal end measures which made up a known measure, then 
each of the smaller ones was known to bo right to within the 
degree of accuracy of the measurements. This process is very 
tedious and costly. 

Whitworth and other measuring Machines.—In Pig. 189 is 
shown a Whitworth Measuring Machine designed for workshop 
use, and measuring to the ten-thousandth part of an inch. Por 
the origination of his gauges Sir Joseph Whitworth constructed 
machines capable of indicating millionths of an inch; the 
principles involved were much the same, but the machine Wks 
more massivef and neither headstock was adjustable. Essentially 
machines for end measurement consist of: (1) two surfaces, A 
and B, Pig. 189, made very accurately parallel, and provided 
with mechanic for moving them to and from each other while 
keeping them parallel, (2) means of determining when the.se 
surfaces touch the piece to be measured, and (3) means of 
determining the iJistfJhoe they are then apart. In all regular 
meafiuring machines tBo two surfaces A and B are carried on 
bars in poppet heads C and_D, one at least of which (here D) 
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can be adjusted along the bed. For work to a ten-thousandth 
of an inch it is not necessary to have any special means of 
determining when the surfaces are in contact, but care must 
b4 taken to keep the pressure light and about the same for the 
different pieces measured ; beyond this a more refined method 
which will tend <>o eliminate personal error is necessary. In the 
Whitworth machines a ‘ feeler ’ E, which is a thin disc of metal 
with its sides surfaced parallel and a light cross handle, is 
placed between the Hat A of the measuring machine and the 



Fig. 189.—Whitworth Mrasitring Machine 


flat surface F of the end gauge being measured. The surface 
A is adjusted by the wheel G until the feeler will just slide down 
by its own weight. This is a very sensitive arrangement, but 
is not easily used on cylindrical gauge work, to adapt this 
device for convenient use in measuring cylindrical gauges, 
Messrs. Pratt & Whitney carry a secondary surface on the 
tailstock barrel H, and place the fooler between this secondary 
surface and an anvil carried on the tailstock D, ukng a spring to 
force the tailstock barrel 11 up until the feeler is supported. A 
small plug gauge is used as the feeler, an(j,is tet with its handle 
horitotal; when the tailstock barrel is forced back a very 
slight amount by the gauge being measured, the handle oi the 
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gauge falls to a vertical position, and a little more movement 
suffices to allow the gauge to fall out altogether. The one 
twenty-fifth of a thousandth of an mch is a difference which 
affects promptly the fall of a feeler or secondary gauge. 

In the Newall Measuring Machine the tailstock barrel 
is forced forward by a spring, and its position in the tailstock 
i^ indicate!? by means of a lever multiplying gear which tilts 
a spirit level; when the spirit level bubble is at zero, the barrel 
is in a certain position, and is pressed forward by the spring with 
a definite force, so that the gauge being measured is under this 
force. 

In the "Rogers-Bond Comparator, used by Messrs. Pratt 
& Whitney in the origination of their standard gauges, the 
poppet barrel is also arranged to slide, and is held up to the 
work by a spring, and the end force on the gauge measured is 
arranged to be nearly constant, though the exact force makes no 
appreciable difference to tlu; measun'inent. In a machine used 
at the National Physical Laboratory contact is considered to be 
complete when the barrel is moved so as to make an electrical 
contact at its rear end ; this is considered to be sensitive to the 
ten thousandth of a millimetre (j-suVoo inch). Thus there are 
several effective modes of standardising the contact, satisfac¬ 
tory to the degree of accuracy required. 

The third and final function of a measuring machine is to 
determine the distance between the measuring faces A and B, 
and in this a reference, indirect, to the original standard of 
length is necessary. 

The first operation in measuring a gauge is to set the tail- 
stock in the correct position on the bed of the machine; tihd, 
for that tworf-e'-y different methods are in use. The first is by 
the aid of standard length end gauges, and this is the method 
used in the Whitworth machine. The zero of the graduated 
wheel G is set to the fiducial mark on the arm J, and a standard 
gauge set up‘*as shown in Pig. 189. The tailstock 1) is then 
moved up by the hand wheel K, operating a screw within the 
bed until the.suffac* B nearly touches the end of the gauge, 
and then the tailstoch is locked in position. The final a^just- 
• nient of the surface B to contact with the end of the gauge is 
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made by the graduated wheel L, which moves the surface 
B forward by means of a screw, the determination of the correct 
setting being effected by means of the feeler E. The surface B 
is then set correctly. • 

The second method is by the use of a scale sot in the body . 
of the instrument and observed by a microscope carried on 
the tailstock. This is the method in the Pratt Whitney 
Measuring Machine. The scale consists of a bar in which are 
inserted plugs at distances, usually of one inch apart, with very 
fine parallel lines marked on the plugs, so that the lines are 
spaced at 1 inch apart. The tailstock has a fine adjustment 
along the bed of the machine, given to it by means of a screw 
carried in a small bracket which can be clamped to the bed 
ways. The wheel A is first set to zero; the surfaces A and B 
arc then set together so as to release the secjondiiry gauge 
previously described, and the cross-hair in the microscope set 
to the line on the zero plug. The tailstock and its bracket are 
then moved approximately to the desired position, and the 
bracket again clamped. The fine adjustment of the tailstock 
is then used to move it until the cross-hair of the microscope 
coincides with the fine line on the scale, and the setting is then 
correct, the surfaces A and B being a definite distance apart, 
exact to the accuracy of the scale. 

The two methods of setting the tailstock are very different, 
the first depending on end and the second on lino measurement. 
No wear of the scale occurs in the second, while in the first the 
setting is made under the same conditions as the machine is 
used in. 

t ^ In both cases the reliance is ultimately upon the accuracy . 
of the standard end measures or scale of the machine. For 
purposes involving high accuracy the errors of the end measures 
or scale can be ascertained and allowed for if necessary. 

The poppet D and surface B having thus been set to the 
nearest unit (inbh), the fractional measurement of the size of a 
part to be measured is determined by the movement of the 
surface A to bring it into correct contact •wifti the piece to be 
measured. This movement is produced by the movement oi^the 
graduated wheel G, which is mounted on a screw which mbvM * 
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the part having the surface A; and the amount is recorded 
by the number of complete turns and the fraction of a turn 
necessary to give correct contact. When necessary, fractions of 
a division of tlie graduations of G are read to the next decim’al 
. place—the one hundred thousandth of an inch in the Whitworth 
machine—by a vernier at J. In this subdivision of the inch 
then, reliance for the measurement is primarily placed upon 
the accuracy of this screw, both the exactness of its pitch and 
its freedom from ‘ drunkenness.’ For very refined work the 
errors of the screw can be found, and allowance made for them, 
either mechanically or by reference to a table. 

Although this is the practice adopted in almost all cases, 
the Eogers-Bond Comparacor, previously mentioned, employs 
line measurement entirely, and compares the end measurement 
of any gauge ^iriictly with a finely divided line measure. For 
gauge work a scale made of haidened steel (so that temperatme 
may affect scale and gauge eijually) is used ; it is ruled by means 
of a diamond with fine lines spaced 2500 to the inch. It is 
observed by a microscope and subdivision of the gi’aduations is 
made in the eye-piece. By means of the finely dividi-d scale and 
with a knowledge of its errors, gauges which are fractious of the 
unit can be made without the making of the series of inter¬ 
changeable end gauges by which such gauges were first produced 
by Sir Joseph Whitworth. 

Small differences of length can be compared by means of the 
number of wave-lengths of a particular kind of light contained 
in this difference. This method is used in the late.st Comparator; 
it is, however, a method of measurement not well adapted to 
engineering methods. 

As dascril^d in the preceding chapter, the errors of drunken¬ 
ness and irregularity of pitch can be lapped out of a screw, 
so that, provided it is of the correct pitch, it will form a reliable 
method of subdividing the unit of the measuring machine. It 
will be noticed that in the Whitworth measuriHg machine the 
jmvil surface A is formed on the sliding nut and not on the 
rotating screw-; fiiib*haa the advantage that the end surface 
preserves its accuracy hotter—^as it does not rotate on touching 
the work—and also that subsidiary measuring jaws can be 
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attached to the barrels H and A, so that snap gauges (such as 
shown at G, D in Fig. 1) and cylindrical limit gauges can be 
ea|Sily measured. 

Standard Gauges.—^For the production of standard gauges 
to be used as references in engineering works such measuring • 
machines are necessary, for such gauges must be vfry accurate 
—^for sizes between 1 inch and 4 inches the error should not 
exceed 0-00005 inch. As the machines are expensive and 
require skill in their use it is generally advisable to obtain 
standard gauges from firms making a speciality of their 
manufacture. Sir Joseph Whitworth first placed reliable 
plug and ring gauges on the market; now there are several 
firms, the accuracy of whose products can be relied upon 
to be much closer than the figure given above as neces¬ 
sary. For small sizes—less than a tenth of aiS inch—cylin¬ 
drical gauges are not so convenient as flat gauges, and 
recently the employment of flat gauges for larger measure¬ 
ments have come into vogue. The accuracy attained in the 
gauges by Johansson and one or two other makers is very high, 
being about the one hundred thousandth of an inch. As 
several gauges will adhere together when ‘ wrung ’ to one 
another, a largo number of end sizes can be obtained with 
comparatively few gauges, and as the error in each individual 
gauge is so small the error in the compound gauge cannot be 
of importance. By having the smallest pieces varying in thick¬ 
ness by very small amounts, limit snap gauges can be easily 
checked. 

Should any doubt arise as to the accuracy of a standard gauge, 

• it IS advisable to requisition the services of the National Physical 
Laboratorv to report upon its precise measurement. 

Gauges—plug and ring and flat end types—of such accuracy 
are not intended for use in the shop, but merely for reference. For 
actual use copip of these gauges to a lower degree of accuracy 
are made in the tool-room or furnished by one of the specialist 
firms. For such gauges an accuracy of^ oqp ten-thousandth 
of an inch (or 0-0025 mm.) for regular engineering work .is 
ample ; higher accuracy is unnecessary, and adds consideiahly 
to the cost. 
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Micrometers.— In making these workshop copies of the 
standard gauges, or the corresponding limit gauges, while a 
measuring machirte is desirable, it is not necessary, as the 
accuracy can be attained by a good micrometer carefully 
handled. This tool appears to have been originated by James 
Watt, and although his instrument (to be seen in the Patent 
Museum) itppears very crude to-day, it represents very high- 
grade workmanship for those early days. As a screw gauge 
to meet the requirements of instrument makers and wire 
drawers, it took somewhat its modern shape; several detail 
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improvements in its construction have since been made, the 
most important being the protection of the screw thread by 
Messrs. Brown & Sharp('. 

The dfdails of a modern micrometer by the Slocomb Co. 
are shown in P’ig. 1110. The parallel measuring surface^ are 
A and 15, which B is fixed, and A is formed on the end (S 
the measuring screw ODE. The plain parallel part C of the 
screw slides through the closely fitting bush E, and the thread 
1) is never exposed, the rear part being covered by the thimble 
G. The mil H is held in the body of the .micrometer by a 
screw thread J of a different pitch to the micrometer screw D, 
so that by tuiftinj* H wear of the surfaces A and B can be 
'differentially competisated for. A secondary nut K iff forced 
'away from the main nut H by means of a short spiral spring Li 
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and so takes up any backlash. The thimble 6 is pressed 
tightly on the end of the screw ODE. The thimble is graduated 
round the hevelied edge M, so that the divisions represent 
thousandths of an inch, the pitch of the screw being 40 per 
inch. The whole turns of the screw arc road by a scale marked 
along the barrel N, the line of the scale being the zero line for 
the divisions marked at M round the thimble’s edge. Some" 
micrometers are provided with a spring ratchet movement 
to the thimble, so that the ratchet slips when more than a 
certain turning force is applied to the thimble, so as to minimise 
the ‘ personal error ’ involved in the use of the instrument. 
Where the instrument is intended to be used over greater 
lengths than an inch, the anvil is formed on the end of an 
adjustable bar, and a gauge provided for setting it correctly 
for the longer work. A very useful fitting is a split collet, and 
a closing nut fitted to the bush F, so that the screw ODE can 
be locked in any position, and the instrument used as a snap 
gauge. When using it in this manner very little force should 
be used; it must never be forced over any cylindrical work, 
us a slight force tending to push it over the work produces 
considerable end force on the surfaces AB. 

For making workshop gauges it is a convenience if the barrel 
N has, in addition to the zero line for the thimble graduations, 
a set of verniei' lines marked along it; the decimal fraction 
of a thimble dh'isiou can then be read on the vernier instead 
of being estimated. 

The accuracy of good commercial micrometers is high, and 
they meet the requirements of limit work such as given hi 
Tables 1 to 111. Work can be duplicated within these hmits 
with the aid of a good pair (if ordinary calipers, but tjie measure¬ 
ment takes much longer, and for commercial manufacturing 
the micrometer is a necessity for economic reasons. If a 
limit snap gauge, such as at CL) in Eig. 1, be used alone, it 
gives no inchcation of the amount the work is ovei^size, and so 
of what the cross-feed setting should be. 

In using a micrometer work should bo w'ped with the hand 
at the‘points of measuring to remove grit, the anvil B slid 
on to the work, and the screw adjusted gently down. 
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Unless the screw is locked as described above, it should not 
be used as a snap gauge; this is apt to depreciate the micrometer 
rapidly, as the end'forces produced are great. 

, Temperature has little direct effect in measuring steel work 
in the shop, for the micrometer and work will be practically at 
the same temperature, and hence will have expanded the same 
alnount. If the micrometer be used to compare the work size 
with the size of a gauge of the same nominal size—e.g. a 2-inch 
running size with a 2-inch standard gauge—which is the best 
method of working, care should be taken that the gauge should 
acquire practically the same temperature as the work and 
micrometer? If the difference of temperature bo 10°E. the 
error on a 2-inch shaft would be about a ten-thousandth of an 
inch, and so would not be often of any importance. 

Temperature, however, produces indiri'ctly a much larger 
effect, for if tie frame of the micromete)' be held so that the 
inside of the horseshoe frame touches the hand and gets warm, 
while on the outside it remains cool, tlio frame distorts so as 
to close the surfaces A and B towards one another. The effect 
depends upon the depth of the gap, and is therefore more 
conspicuous in the larger sizes ; care must be taken to avoid this 
error by handling the instrument properly. In large instruments 
the body should be protected by non-conducting material. 

The instrument should be checked frequently by bringing the 
surfaces A and B together and noting that the reading is zero, 
and resetting or allowing for it if it is not so, and by checking 
it on a standard gauge of its full capacity. 

In measuring work the amoimt of force used in turning the 
thimble affects the reading, for the pitch of the screw is smal 
(j’it inch) that a small torqtie on the thimble produces consider¬ 
able end force at the measuring points, and so strains the body ol 
the micrometer a little. A slight contact force is all that is neces¬ 
sary, and more tends to wear the surface A, as it twists as it makes 
contact; it is,'however, quicker to work with a "fair amount o: 
force. If the method of comparing the work with a gauge is 
employed it elimii*ite»this personal error—that is, the difference 
of'size between the wosk and the gauge is made to be the Same 
by Afferent persons, although one will use more force than the 
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other and the actual reading of the micrometer will be 
different. 

Large work (say a foot in diameter) can "bo easily measured 
by taking the circumference with a thin steel tape; a thousandth 
of an inch on the diameter gives li,',,, inch on the circumference, 
which can easily be appreciated by the naked eye. 

Internal work above 2 mches diameter is easily liieasured by 
the use of an internal micrometer. This consists of a micrometer 
body A, Fig. 191, into one end of which rods B, B' of various 
lengths can be inserted and damped in ddinite positions. The 
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thimble C terminates in the other measuring point D. The 
points are slightly rounded. In use the point I) is maintained 
firmly against one side of the hole, and the end of B is held and 
^ mfcved about to feel its way through the holo. Bimensions can 
be very accurately compared, to within-^ 1 IV, n inch on holes up to 
C inches. There is the same kind of personal error as referred to in 
connection with the external micrometers—a thousandth of an 
inch or even more on such a 6-inch hole—but in comparison 
of holes this disappears. The particular design shown is that 
of the Starrett Company. 

The sizes of holes may be taken *with ordinary inside 
calip'ers, setting them to the hole and comparing them wi^ an 
external micrometer or other gauge, but the time taken is so 
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much longer that regular internal micrometers should be used. 
Messrs. The Ncwall Engineering Company make an internal 
micrometer with three points to touch the work at points on a 
arcle separated at 120°; this renders one rocking motion only 
of the instrument necessary. 

^ For holes smaller than 2 inches, micrometers are not available, 
and calipers or a series of gauges must be used. Vernier calipers 
may be used to take the diameter of a hole near its mouth, but 
these tools are not generally useful in connection with grinding. 

limit Gauges—In manufacturing micrometers are used to 
give the size of the work as it approaches the limits allowed, but 
for the control of the final size and for chocking the work, limit 
gauges should bo used. These practically eliminate personal 
error, so that the work can be relied ujion to be truly within the 
limiting size* sp(-cilied. 

All limit gauges have two sizes, ono which passes over or 
into the work, and which therefore is subject to wear, and one 
which will not pass over or into the work, and so does not wear. 
To distinguish the ends the gaugo surface of the latter is made 
short, while that of the former is made longer to withstand the 
wear. This will be noticed in various types of limit gauge 

(Kg. 1). 

External limit or snap gauges are usually made out of steel 

inch to J inch thick, and take the shape shown at CD in 
Fig. 1. A hole, as shown at E, is convenient, as they can be 
then hung up on a board in tlie tool-room. Lightness is a 
virtue, and drop forgings can be obtained suitable for making into 
gauges of this typo, and for the larger sizes they are desirable. 
Largo sizes should be single ended only. They may be mad8 on^ 
of steel ro(f merely bent to a horseshoe shape and the points 
hardened and ground to size, but a more formal gauge receives 
better treatment and care in the shop, and the cost of the forging 
is a fractiongonly of the total cost of the gauge. 

In grinding such gauges on a Universal machine, they should 
be supported o^ the work table with the length of the gauge 
Surfaces parallel to^he main ways, so that the traverse^can be 
n8*d for grinding thS surface and the cross-feed for putting on 
the cut. The flat faces of the wheel, undercut on both sides« 
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are to be used, and the spindle set square with the main ways, 
and all end play should be taken up. The cross-feed in a Univer¬ 
sal Grinder is usually graduated in thousandths of an inch on 
the work diameter, so that each of these divisions represents 
a one half-thousandth of an inch only in actual movement. 
The effect of a movement of one division of the cross-feed hand 
wheel may be made still less by swivelling the cross slide, as 
explained in Chapter IV. 

In use no appreciable force is to be used on these gauges; 
the weight of the gauge itself should be sufficient to take the 
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large end over the work. A difference of size of O’OOOOS inch 
is easily appreciable by their use. 

For small quantities, where the cost of a special limit gauge is 
not warranted, reliance may be placed on the micrometer or on 
adjustable limit gauges such as are made by the Nowall Machine 
Co. A variety of types of variable limit gauges have been 
brought out: in them the chief features to be looked for—after 
accuracy and rehability—are simplicity and lightness. 

Limit gauges foi holes take several fonns. For the smaller 
holes the type shown at AB in Fig. 1 is most suitable. The 
‘go in ’ end, it will be noticed, is longer than the ‘ not ’ end, for 
purposes of resisting wear and so that the ends can be dis¬ 
tinguished at a glance. In making these gauges it is well to 
lap off the last ten-thousandth of an inch, a^it^ves a longer life 
to the "tool. • 

•l 

Some limit gauges of this type have been made with the 
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end discs ground to a spherical surface. They go into the hole 
very easily, as there is no necessity that the gauge axis should 
coincide with the work axis. They are more difficult to produce 
and wear more rapidly, since the contact with the work’is 
along a. line and not over a surface. 

As the size of these internal gauges increases, their weight 
increases t(f an inconvenient amount. They should then have 
the end portions recessed and holes bored through, and as 



tlfe size further increases made single ended. A sketch of 
such a gauge is given in Pig. 192. 

A cylindrical gauge should be used in finally trying holes 
for size, but for the larger sizes flat gauges, such as shown in 
Fig. 193, with the surfaces at AA', BB', ground cylindrical, 
or spherical ended rods as in Fig. 194 are useful. The ends 
of the lattef are ground to form portions nf one spherical 
surface, and enter a hole very easily. Both types are very 
light. Some eltpessive jigs for grindmg spherical ended 
gauges have been described, but all that is necessary is a Simple 
one, such as is shown in Fig. 195. The hollow spindle AB 
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revolves in bearings, and the pulley C is driven from the 
drum by a belt; the whole can rotate about the vertical axis 
DE, which must intersect the axis of AB.' The flat side FG 
of the wheel is used, and the axis AB is rocked by hand—using 
the lever at H—about BE as the work rotates. On turning 
AB round through 180° to grind the other end of the gauge 
the belt merely becomes crossed. The wheel spihdle should 
be set perpendicular to the main ways, and the cross-feed used 
for sizing. 

Fairly accurate estimation of the excess of the diameter 
of a hole over the length of a sharp-ended rod can be made 
by holding one end of the latter against one side of the hole, 
and noting the amount of movoraent. of the other end necessary’ 
to bring it into contact witli the sides of the hole. The amount 
varies with tlie plane in which the rod is rocked; it is least 
when the rod lies in a piano uoriual to the axis, and this is 
the amount to be considered. In Fig. 186 AB, A(] are the 
two positions of the rod and AU the diametei-, so that ABD is a 
right angle, and therefore— 

AD2-AB“ 


-(AD-|-AB){AI)-AB) 

Hence— 

excess of diameter above length of rod = AB - AB 

^ _ BB* 

ab + a"b 
^(1 BC)* 

2 AB 
B(12 


(nearly) 


8 . AB c. 


If the excess ho n thousandths of an inch, and k be the 
length of BC in eighths of an inch, and E the radius of the 
hole in inches, we have— 


_ IdOO.fc* _ 1000 fc* 
”“64.8!2E 1024’K 


¥ 

E 


(nearly enough). 

* « 


With final reference to the standard yard (or metre), made 
indirectly by the use of instruments and gauges such as^ale 



Measuiuno Hods 



Fio. 196 .“Gavgijio Hole with 
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above described, parts can be produced in one factory so as 
to interchange with those produced elsewhere, although the 
variations from size permissible are those small amounts whose 
nkture is discussed in Chapter L 


Conclusion 

The development of grinding as a manufacturing method 
is illustrated by the series of machines described above, and 
it has influenced and been in turn influenced by other manu¬ 
facturing processes; it has rendered work which was previously 
almost impossible, easy and inexpensive, and has created the 
modern view as to what constitutes high-class machine work. 
The determination as to whether the process shoivid be adopted 
in any particular case will depend not only on what can be 
done by its aid, but on what can bo done without it. 

The principal reasons for the adoi)tion of grinding are (i) the 

hardness of the material of the work, (ii) the accuracy necessary, 

(iii) the quality of surface required, (iv) the smallness of the 

amount of stock to be removed, and (v) the total economy of 

the process. Of these (i) and (ii) may render grinding necessary 

apart from the matter of cost, and (iii) may leave a choice 

between grinding and polishing only, which is a selection easily 

made. As regards (iv), the process is always to be considered 

as a manufactiring proposition when the part to be made can 

be produced nearly to the re(piired dimensions by a cheap^or 

necessary manufacturing process, or w'here the part itself is 

^ slight; it is also to be considered as a final operation to & 

roughing process, as in ordinary plain grinding after turning. 

The accuracy and cost of the product of modem capstans 

and automatics is well known. If the maintainable quality 

of their product is satisfactory, grinding is a wa|te of labour; 

if it is not, it fe almost invariably cheaper to rough out the^j 

part in a capstan and finish by grinding than to make complete;* 

in a centre lathe. The makers proclaim ttlkt wheels are cheaper 

than‘files (they are much more expensive than tool-sljpel, 

though), but this is a matter of little moment; the controlling 
1 



CONCLUSION 


417 ■ 


factor in the direct manufacturing cost (v) is almost invariably 
that of the labour involved, which depends greatly upon the 
amount of material to be removed, and hence upon the other 
gfocesses in the manufacture of the part. ° 

The correct selection of wheels is important, as the amount 
of labour involved depends largely thereon. The action of 
& wheel has been described in detail, and when the conclusions 
drawn thence have been grasped there should be little difficulty 
in arriving at- the most suitable grits and grades. There is no 
mystery in the matter; the statements of some wheel makers 
that the publication of their grades would do harm is suggestive 
of a Delphic utterance. The fimctions of the abrasive and 
■bond are quite definite. 

The selection of a machine is determined by many factors. 
A light machine .i usually a clioap one, and such a machine 
may do good work if the wheel is in perfect balance, and it 
may be sufficient for the purpose in view. Practically it is 
geilerally necessary to do good work rapidly and with wheels 
having the small want of balance which is commercially 
unavoidable, and, as e.xplaincid, this implies substantial 
machines. Grinding machines of a high class, however, are 
so well protected against grit and injury from other causes, 
and are built of such good material, that the depreciation is 
small if proper attention is paid to them. The accuracy of 
construction necessary to give satisfaction is such, and the 
alignments involved are so many, that grinding machines— 
however good the design -should not be purchased from any 
firtn whose actions are not honourable. 
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TIMES OF GRINDING VARIOUS PARTS, 

Sf.lected fkom Examples furnished by Messrs. Brown & Sharpe 


Production 'I'ihks 

UimeiLsioiis 

TulU’. 

Matcrwl ;—-- Null’s I'liiiJ,, io. ' Wlicfl MaciUuo 

Diain. Lfiigth i Urs. 


Hardctifil 

1 

43 

317 

1 

The allow 

auiH's forgrmd- 

36-4 or 6K 

No. 11. 

Plain 

M.S. 

! 


30 H 

Std.-I 

mg are 

tlioao given on 

• 54 M. 

.. 11. 


M.S. 

A 


lUift 


iMiqo 21 

5. 

54 M. 

.. 11. 


M.S. 


2-1 

2})5 


The work h done in 

54 M. 

„ 11. 


Hard. 

i*a 

H 

I4S 

h.ltclK"^ 

of 50 or more. 

36-4 or 5K 



. Hard. 

it 

lU 

131 


Mfwt of 

tliese jMirls are 

3G-4or5K 

»Al. 


M.S. 



1211 


handh'i 

twiee. torrough- 

54 M. 

„ 11. 


. Hard. 


Di 

91 


iiig and 

\ir finishing, A’<:. 

36 4or5E 

11. 


M.S. 

& 

6fi 

SS 



54 M. 

,. 11. 


. Hard. 

i 


K(» 

Sid 

Vury 

line, tiniiili 

46 K. 

11 . 


M.S. 

H 

K 

♦)2 


'Injier—to gauge 

54 M. 

11 . 


. Hard. 

u 


(in 


Holhm - U in. diain. 

46 K. 

2 . llMIV. 

. Hard. 

:r 


(iO 


Hollow—2 j! in.diani. 

46K. 

2. 


Hard. 

h'’a 

Hi 

ltd 


Wry 

fine liniHh 

46 K. 

14. Plain 

M.S. 


47 

30 

Std. 



64 M. 

18. 


M.S. 



25 

Std. 



54 M. • 

„ 28. 


1. Hard. 

1 

24 

20 

1 

Very 

fine finish 

46 K. 

M 11. 


1. Hard. 


2(1 



46 K. 

» 14. 


(J.l. 

2 

M 

Ilig 

120 




46 K. 

M 11. 


C.I. 

n 

GO 




— 

„ 28. 


C.T 

n 

IG 

40 

— 




„ 28. 


Jroiizo 


m 

,513 

Std. } 



54 M. 

„ 11. 


M.S. 


It 

4(H( 

as iti lif' 

I’lg. 197. 

No. 1 

54 M. 

” 

tt 

M.S. 


159 



„ 2 

54 M. 

» n. 

»» 

M.S. 


P2A 

|(K) 



3 

54 M. 

» u. 

•• 

M.Sc. 


}»] 

G4 



.. 4 

54 M. 

11 . 


•Soft. 


i:t.i 

40 



.. 5 

54 M. 

.. 14. 


M.S. 


JT.". 

37 



0 

<54 M. 

M 11 . 


M.S. 


JU' 

33 



7 

54 M. 

» 11 . 


M.S. 


ID 

25 



8 

64 M. 

M 14. 
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24 



0 
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ITiV 
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5411 
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M.S. 


20? 

17 



M 11 

54 M. 

„ 11. 


M.S. 


3715 
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» 12 

A 54 M. 

„ U. 

t* 

M.S. 


G2k» 

' IG 
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54 M, 

1«. 

»» 
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15 
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46 K. 

11. 

t* 

M.S. 



12 



„ 15LotHof26 

54 M. 

a. 

W 

M..S. 

M.S. 


32 I 

10 

' 10 



16L<||*4offf 

64 M. 
.64 M. 

u. 
„ 16. 

tt 

»♦ 

M.S. • ■ 


70* 

10 



M 18, 

64 M. 

„ 16.' 

tt 

M.S. 



' 22 



19 

64 M. 


C.I. 



' 44 



„ 20 Lots of 25 


H 2. 

»> 
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TIMES OP GRINDING VARIOUS PARTS, 

Stt.ECTKD FROM INFORM4.TION FURNISHUD BV MkSSRS,. THE LiUDIS ToOL Oo. 
GRT.VIMN'a 'nHK ONLY 


Dimensions • Allowances m 

(inches) thoosanJtlis 


Matoriul 

Dmm. jLcnirth 

'rime 

m 

Mins. 

I’V.r 

(■rind- 

mg 

Liiint 

Notes, Finish, &c. 

Wlu«>1 

« 

Machine 

Inches 

Ni.S. 

•437ri n 

] 

15 


First class valve stem 

36-46 L: 

10 X 30 Plain 

1 C.U.S. 

1 ‘ 31 

1 

15 

i 

First class—ginlgeonpin 

30*46 L. i 

10 X 80 „ 

I O.fl.S. 

i n 

W'.T 

15 


„ ,, ,, 

21 comb.L. 

10 X 80 „ 

' O.H.S. 

li ; 41 


25 


Cominurci.il 

36-1(5 tf. 

1 

10 X 80 „ 

M.y. 

3 , n 


C-8 


First class - tube J' 
hole 

12 X 42 Univ. 

M.S. 

li ' 1« 

8 

30 


(’oniJiiurcul ■lece. work 

36 1.. 

16 X 32 X fl 
Plain 

•4 C.^i. 

Mtt.') 

8 

25 

i 

Kii^t cliiss 

36-16 I/. 

12 X 42 Plain 

M.S. 

K ;(ii 

18 

30 


OoiniiuTcml - lii.liow i' 
thick 

21-3(5 L. 

16 X 72 „ 

' M.S. 

:ii ’M\ 

20 

30 


Commurci.Tl—piston 
rod 

36-41 h. 

16 X 72 .. 

M.S. 

H .Ml 

20 

3t» 


Comnierci.il—pij'O roll 

2i-3C K. 

1(5 X 73 „ 

H.’I’.S 

s 1 -.' 

211 

;o 

— 

'I’.iper rolior—to gauge 

4(5 N. 

12 X 32 „ 

M.S. 

1*1 :d; 

2.'» 

25 


I’lrsl das'" - lliin wall 

3(5 16 K. 

12 X 66 

M.S. 

Ij 20 

lo 

30 


roimiuToi.il -hullow 
(3f) slcew 

36-16 L. 

12 X 66 Univ. 

Ni.S. 

17” »fl 

120 

3<i 

2 

I'lrst class- ?" thick 
iiict.il 

36 L. 

20 X 160 Plain 

C.l. 

n 

3 

ISO 

“ 

Taper—tti gauge ; gas 
plug 

21 h. 

10 X 20 

1 Cl. 

111 

3 

15 


roinmerciai—pisli.ii 

34-46 D. 

10 X 80 „ 

' O.T. 

r.' 

■1 

IS 

Ccniiu* rci.il—pistiiii 

36 r.. 

12 X 42 „ 

O.I. 

1 j r« j 

3 ■ 22 

1 

15 


('ommerci.il—pi-stiui 

36 L. 

10 X 30 „ 

C.l. 

10 

1..0 

10 

roiumcreifil- -ilium 

2t-.3(; L. 

12 X 66 „ 

:.i. 

0 :i!ii 

20 

30 


(Umimcrciiil —(Jorli'S 
valve 

24-36 L. 

20 X 96 „ 

C.T. 

2Hi ' 27-1 

20 

20 


Commerci.il- roll 

46 N. 

24 X 144 

C 1. 

r>} ‘jn 

-■* 

30 


(yoimnorciiil'orliss 
valve 

21-36 F. 

16 X 72 „ 

C.c.I. 

r.i 1!* 

'•'0 

150 


Very line—slM‘et meUl 
roll 

(6 h. 

16 X 72 „ 

C.M S. 

asliLf. :’’J 

2 

20 


Fig. 1'.•><, No. I Cuiu- 
ITUTCial 

21 1.. 

10 X 20 

M S. 


K 

25 


Fig. No 2 First 

cl.iss 

l-'ig, UlH. No. 3 (Uo«*s 

lllllsll 

16 M 

10 X 20 „ 

(UI.S. 

„ in*; 

IS 

•'0 


46 h. 

10 X 2(^Uiil7 

C.iL^ 


3.'. 

30 

;u fig 

Fig. 11*8, No. 1 Very 
true point 

4(5 L 

16 X 30 Plain 

furgiiu' 

liti 

25 

30 

4 

Fig. 1118, No. 5 First 
class. Pm ground 
from rough lorging 

■16 L 

t 

16 X 42 „ 

l''oi-Kini,' 

„ 2K 

35 



Fig. 108, No. 0 Com¬ 
mercial. Pin ground 
from rough forging 

46 M. 

Orank grinder 

•4 C.S. 

„ 7.21 

40 

30 

\ 

Fig. 108, No. 7 First cl. 

3C-46 h. 

12 X 72 Plain 

ChiUed O.T. 

M ‘‘U 

50 

30 

i 

F’lg. 198, No. 8 Fine 

24-36 h. 

12 X 42 „ ’ 

,\!.S. nn.T 
Cl. 

n 'C 

00 

• 

30 

1 

Ihg. 198, .No. 9 (kim- 
incrcul. I’istonaiul 
rod both ground 

24-t6 h. 

20 X 96 „ 

, M.S. 

73' 

no 

00 


F'g. 198, No. 10 Com- 
rnercial 

30 M. 

16 Jk ^TS „ , 

M.S. 

1500 

mm. 

CO 

*3 

mm. 

; 0-02 
inm. 

Fig. 198, No. 11 Cim- 
nmrciul 

► 4C M. 

18 X 66 TJnlT 

20 X 144h«ll 

M.S. • 

,♦ 1 23' 3 

300 

00 

3 

Fig. 198, No. i2^''irst 
cla.ss 

— 

Cijilled O.I. 

„ : 37' 

80 

?.o 

1 

Fig. JH8, No. 13 First 
class 

46 L. 

16 X 72 *„ 

Cmlled C.l. 

„ 

120 

30 

1 

j Fig. 19% No. 14 First* 

class • 

• 

36-46-00 L. 

lflX73'\* 

• .... 
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'©COM®® 

,.1* « « W5 I W » db db GC 


(M ® ® 10 ^ lO -ri <^1 GC QC QC 
^4<-lNOj|(?jwe»5M!«OC0«O'«t'4' 
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Tw <4 sets of limits are given for the holes to suit ditforcnt jrrades of work. 

Three sets of limits are given for running fit for similar reasons. 

In th** columns the first figure^ves the upper limit, the second the lower. If the column is headed +, the amount is to bo added 
> the nominal diameter; if it is to be subtracted. • • 
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Special cases should always be considered, as it may be desirable to vary slightly from the tables. 
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TABLE IV.-TURNIN6 

ALLOWANCES FOR GRINDING 

^essrs. Brown & Sharpe allow 0 008 to 0'012 on the rliameter for all siios. 
, The Landia Tool (lo. recommend allowances aa below ; 


Allowances In thoiisirndtlis of au iaijli 


Length in 

1 inches 

3 

0 

n 

V2 

I.) 

IS 

•-'1 

30 

30 

IS- 

48 

Diam. 












1 up to .1 

10 

10 

10 

10 

15 

15 

ir, 

20 

20 

20 

20 

' 1 

10 

10 

10 

10 

15 

15 

15 

20 

20 

20 

20 

1 

10 

10 

10 

15 

15 

15 

15 

20 

20 

20 

20 

u 

10 

10 

15 

15 

15 

15 

15 

20 

20 • 

20 

20 

H 

10 

!.'> 

15 

15 

15 

15 

20 

20 

20 

20 

20 

o 

15 

15 

15 

15 

15 

20 

20 

20 

20 

20 

25 

h 

15 

15 

15 

15 

20 

20 

20 

20 

20 ' 

25 

25 

1 OI 

15 

15 

15 

20 

20 

20 

20 

20 

25 

25 

25 


15 

15 

20 

20 

20 

20 

20 

25 

25 

25 

25 

! :n 

15 

20 

20 

20 

20 

20 

25 

25 

25 

25 

25 

•i' 

20 

20 

20 

20 

20 

25 

2*j 

25 

25 

25 

30 


20 

20 

20 

20 

25 

25 

25 

25 

25 

30 

so 

r> 

20 

20 

20 

25 

.>- 

or 

25 

25 

f(0 

30 

so 

fi 

20 

20 

25 

25 

25 

25 

25 

30 

so 

30 

so 

7 

20 

25 

25 

25 

25 

25 

SO 

30 

so 

so 

so 

8 

25 

25 

25 

25 

25 

30 

30 

3(» 

SO 

SO 

30 

, 9 

25 

25 

25 

25 

.30 

30 

so 

30 

30 

SO 

30 

10 

25 

25 

25 

; 30 

30 

30 

SO 

30 

SO 

SO 

30 

n 

25 

25 

30 

30 

30 

30 

SO 

:K) 

SO 

so 

:«) 

1L> 

:)o 

30 

30 

30 

30 

30 

so 

30 

SO 

30 

1 30 


(5RL\1)IN(; TIME-TABLE (APPROX!MATE)~LANDIS TOOL 00. 


Diaru. of ! 
work in 
inches 

fi 

12 

18 

24 

ot work in iiiclien 

30 3(> 42 48 

54 

60 

■ 

66 

72 

1 


4 

5 

9 

12 

Time in tmnufes 

15 20 , 

25 

.30 

35 

40 

45 

2 

3 

.5 

7 

in 

' IS 

1 () 

21 

20 

31 

36 

42 

50 

. S' , 

4 

() 

8 

11 

; 14 

18 

22 

27 

32 

37 

45 

55 

4 

5 

7 

() 

12 

16 

20 

24 

28 

33 

,38 

48 

60 

5 

fi 

8 

10 

14 

18 

22 

20 

so 

34 

40 

51 

63 

fi 

7 

[) 

12 

16 

20 

■ 24 

28 

32 

36 

42 

56 

70 

7 

8 

10 

14 

18 

22 

. 26 

so : 

34 

38 

46 

60 

75 

8 

9 

12 

16 

20 

24 

28 

32 I 

36 

41 

50 

65 

80 

» 

10 

14 

18 

22 

26 

SO 

34 i 

38 

45 

55 

70 

85 

10 

12 

16 

20 

24 

28 

32 

37 

42 

: 50 ' 

60 

75 

90 

11 

14 

18 

22 

26 

31 

36 

41 i 

46 

55 

65 

80 

96 

! 12 

15 

20 

25 

SO 

35 

40 

45 

50 

i 60 

70 

85 

100 




1 





( 

'% 





Time lifts been figured on a basis of grinding fro/n the diameter, and the wo] 
to be ground to a first-class commercial finish. If -./j* on the diameter isffilovi 
for grinding, take g of the time given in the table. Time is for gritting onl^ 
For Guest form^ila for grinding tim^, see ptco 23tt. , , 

. t > 
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to supply particulars of a grading system. 
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TABLE VII 

EXTERNAL WORK.— Generally vseful Wheels (Vitrified unless otherwise stecified) J.Jj. Guest 
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TABLE VIII 

GRINDING WHEEL SPEEDS 


Dlam. of 

Rev. ixT inimitp for a siu'facc siioed, in feet per minute, of 

Wheel 

(inches) 

■1,1)00 

4,,500 


5,50U 

0,000 

6,000 

7,000 

• 

1 

15,270 

17,180 

Uhomt 

21,009 

22,018 

24,829 

26,738 

2 • 

*7,6.39 

8,.504 

!l,541» 

10.504 

11.459 

12.414 

13,369 

3 

.5,003 

5.720 

0,300 

7,<K)1 

7.630 

8,276 

8,913 

4 

3.820 

4.207 

4,775 

5,252 

5.730 

6,207 

6,684 

5 

;*o.5i-. 

3,438 

3,820 

4,202 

4,584 

4,966 

5,348 

0 

2,.546 

2,865 

3.183 

3.501 

3,820 

4,138 

4,4,56 

7 

2,183 

2,455 

2.728 

3,001 

3,274 

3.547 

3,820 

8 

1,010 

2,118 

2,387 

2,020 

2.865 

3,103 

3,342 

10 

1,.528 

1,710 

1,910 

2.101 

2.202 

2,483 

2,674 

12 

1,273 

1.432 

1,592 

i,7ri0 

1,010 

2,060 

2,228 

14 

1,001 

1.228 

1.304 

i.rMM) 

1.637 

1,773 

1,910 

lU 

055 

1.074 

1.194 

1.313 

1.432 

1,.5,51 

1.611 

• 

18 

840 

055 

1,061 

1.107 

1.273 

1,379 

1.485 

20 

704 

850 

'■ 955 

1.05)0 

1.146 

1.241 

1.337 

24 

037 

716 

790 

875 

0,55 

1,034 

1,114 

28 

546 

614 

083 

750 

810 

886 

955 

• 30 

500 

,573 

037 

700 

764 

827 

871 

36 

424 

477 

531 

583 

637 

689 

743 

Suitsbio fui* 
Wheels of 
Qrude 

• 

H 

1 

.1 K 

L 

M 

N 
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TABLE IX.—WORK SURFACE SPEEDS AND REVOLUTIONS PER MINUTE 
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of ♦^h© wor’' is changed^ to suit it. T or internal wor\ the ratio of wheel to work diameter is taken, since in grinding a 
number of holes of the same sjjce, the wheel diameter lessens and the R.P.IVI. of the work is to be changed to suit it. • iThe figure 
gives a rapid indication of the amount of change necessary to restore the grinding regimen as the wheel wears—see Chapter VII. 
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TABLE X 

CaTTKK Grinding 

SEPTINGS FOa CLEARANCE WITH DISC WHEEL 
Amount whoul axia ia aot abovo or bolo.v cutter axis (inches) 


Sin 5° = 

0-087150. Sin T = 0-12187 , 

Wliool Diameter ! 

(mcliebl ! 

5® I’lturaiioc 

47“ Clearance 

2 

1 

■0 S 7 i 

•122 

2 i 

<m 1 

•137 

24 

■urn 

- i 5)2 

n 

•120 

1 

•108 

3 

•131 

•183 

31 

•142 i 

•198 

3! 

•152 

•213 

31 

•1G3 

•228 

4 

•174 

•244 

^1 

•185 

•259 


•195 

•274 

42 

•207 

•289 


•218 

•304 

31 

•229 

! -320 

31 

•240 

•335 

51 

•251 

•350 

G 

1 -262 

•3 fc > 

61 

•284 

•395 

7 

•305 

i •426 
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TABLE XI 

Cutter Grinding 

SETTINGS ?0R CLEARANCE WITH CUP WHEEL 

Tho amount tho tooth rest is to ho sot abovo or holow tho cuttor axis—inches. 
Tho diameter of Angular Cutters is rrwkonod whoro tho tooth rest touches thorn. 
iFor intermediate cutters interpolate by adding: thus for a til diameter 
add tho amounts for aii inch and a| inch cutter -- -201 + ’033 — -294 inch 
for a iiarallel cutter. 

J. J. Guest. 


Diam.ol Cuttop 

I’amllol PiitLcr* 

Sc'iiiivorticttl angle, 30'^ 

ScQiivcrt'CiJ unglu, 45 

(inct^es) 

For 5® 

P'or 7’ 

For 5® 

For 7® 

1 For 5® 

For 7® 

^ • i 

i 

■on 

•01.5 

■013 

•017 

1 -010 

•021 

i 

•010 

•022 

■018 

■025 

•023 

•032 

J 

•022 

•030 

■025 

•035 

•031 

•043 

t, 

H 

a 

■02S 

•038 

•032 

■044 

■040 

•054 

3 

•033 

•040 

•038 

•053 

•(M7 

•005 

1 

•038 

•053 

•044 

•001 

•054 

•075 

I 

•041 

•Otil 

•051 

•070 

•002 

■080 

M 

■or4 

■070 

•002 

•088 

•070 

•107 

G 

•06,T 

■091 

■075 

•1 

■092 

•129 

IS 

•070 

•100 

•089 

•122 

1 •108 

•150 

2 

•087 

■122 

•101 

•141 

•123 

•172 

2i 

•109 

•152, 

•120 

■175 

•154 

■215 

3 

•131 

•183 

•151 

•211 

•185 

•259 


•ir>2 

•213 

•175 

■240 

•215 

•302 

* 

•174 

•244 

•201 

•282 

•240 

•345 

• 

0 

•21H 

•304 

•252 

•351 

i -309 

•430 

6 

-2(il 

•305 

•302 

•422 

1 ■370 

•517, 

7 

•305 

•420 

•352 

•497 

! •432 

•603 

8 

•348 

•487 

•402 

-.502 

i -492 

•090 

9 

■392 

-.548 

■453 

•635 

i ‘555 

■776 

10 

a -^36 
^ -478 

•(K)9 

•504 

•703 

' -017 

■800 

11 

•070 

•5,52 

•774 

•070 

•948 

12 

•.722 

" • 

•731 

•002 

•845 

• -738 

L035 


For 60° set tho amount for a parallel cutter of twice tho diamejpr. 
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BNOLTSH AND METRIC CONVERSION 
"table XII TABLE XIII’ i 

1 in. = 26 39998 mm. 1 motre = 39-37079 in. = 3ft.3| in. (noar ly) 


Inches Millunotres 

1 = 2O-400 

2 = 60 800 

3 = 76-200 

4 = 101-000 

5 -- 127-000 
0 ^ 162-400 
7 ^ 177-800 
S 20-!-200 
0 228-000 

10 264-000 



lm;*i 

.Millimcttcr 

=s 

• 12.T 

= 3-175 


•250 

= 0-3.60 


•:i75 

= 9.625 

= 

•iiOO 

= 12-700 


•025 

1.6 87.6 

=3 

•7.50 

== 19-0.60 


•S75 

= 22-22.6 


1000 

= 2.6-400 


Milli- 

tnetres Inches 

1 - -0394 

2 - -0787 
3-^ -1181 
4 - -1676 
5-^ -1908 

0 -- -2302 
7 - -27.60 
.S = -31,60 

9 -= -3643 

10 -3937 

11 = -4331 

12 -= -4724 

13 =.= -.6118 

14 -6,612 

1,6 -6900 

10 = -0299 

17 =. -0693 

18 = -70,S7 

19 - -7480 
20-= -7874 


Milli¬ 
metres Indies 
61 = 2-0079 
,62 = 2-0473 
63 = 2-0860 
54 = 2-1260 
,65 == 2-1(64 

,60 = 2-2047 

57 = 2-2441 

58 = 2-2835 

59 = 2-3228 
00 = 2-3022 
01 = 2-4016 
02 = 2-4410 
03 -s 2-4803 
04 = 2-.6197 
0.6 =--= 2-.6.691 

60 = 2-5984 
07 --= 2-0378 
08'--= 2-0772 
09 =: 2-7106 
70 -= 2-7.659 


—- 

21 - 
22 -- 

l«<lis Milliinc’tn’^ 

2:t -: 

1 =s = 1*087 

2 ^ -1875 ^ 4-702 

24 

25 7 

II 


7 = -4375 ■ = 11-113 

2(i -- 

9 -= -5026 = 14-287 

27 •” 
2S — 

11 = -087,6 = 17-402 

20 - = 

13 = -812.6 = 20-632 

.30 

1.6 = -937,6 -- 23-812 ' 

31 = 


32 7^ 

Scii-ls Tiicli ^rlllllnr.tr(>> 

33 

31 - 

1 .e -0312.6 ^ 0-794 

3 = -0937.6 = 2-381 

35 -- 

,6 = -1.602.6 --- 3-909 

3(1 - 

.7- -2187.6-= 6-5.60 

37 - 


3S - - 

9 = .2812,6 = 7-144 

39 

11= -3437.6 - 8-731 

40 ^ 

13 = -4002.6 == 10-319 

41 

1.6.= .10876 = 11-906 

42 

43 - 

17 -.6312.6 13-491 

44 — 

19 =-- -.6937.6 = 16-081 

21 = -0.602.6 -- 10-009 

'45 7^ 

23 =. -7187.6 -= 18-260 

4fi -- 

47 

26 = -7812.6 -- 19-844 

48 

27-= -8437.6 - 21-431 

49 - 

29 -- -9002.6 = 23-019 

31 = -9687i6 = 24-006 

50 •--- 
( 


-8208 

-8001 

-9066 

-9449 

-98*3 

1-02.30 


1-1811 


1-.3380 

1-3780 


1-4.607 
1-4901 
1-.63.64 
1-5748 

1-0142 

1-0630 

1-0929 

1-7323 


1-8504 ' 
1-8898 
1-9291‘ 
1-9685 
(100 nim. 


71 = 2-79.63 

72 ---- 2-8347 

73 -- 2-8740 

74 - 2-9134 

75 - 2-9528 

70 = 2-9922 

77 ^ 3-0315 

78 = 3-0709 

79 .-= 3-1103 

80 = 3-1496 

81 = 3-1890 

82 = 3-2284 

83 = 3-2677 

84 = 3-3071 

8.6 = 3-.3405 

86 3-3859 

87 . = 3-4252 

88 = 3-4046 
89s!= 3-16040 

90 = 3-6433 

91 - 3-5827 

92 = 3-6221 
93.= 3-6614 
9f -= 3-7008 

9.6 = 3-7402 

90 = 3-7796 
* 97 = 3-8189 

98 --= 3-8683 

99 =- 3-8977 
100 = 3-9370 

1 decimetre.) 
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TABLE XIV 

TAPERS 


Taper per Included Taper per Included 
Foot Angle cfsnt. Ai^lo 


Tuiier per Taper per 
Foot cent. 




Deg. Mm. 

Deg. 

Alin. 

Indies 


1 

0 

34J 

»s 

0 

20 

0-OG9 

-58 

2 

1 

0 

40 

0*138 

1-15 

3 

1 

43 

1 

0 

0*209 

1-74 

4 

2 

m 

1 

30 

0-313 

2-61 

5 

2 

515 


0 

0-418 

3-48 

G 

3 

31) 

3 

0 

0-029 

5-24 

7 

4 

05 





8 

4 

35 

4 

0 

0-838 

0-98 




5 

0 

1-049 

8-74 

9 

5 

» 

G 

0 

1-358 

10-05 

10 

5 

451 





II 

G 

IS 

7 

0 

1-409 

12-25 

12 

G 

53 

8 

0 

1-078 

13-98 




9 

0 

1-889 

15-75 

13 

7 

20 





14 

8 

0.1 

10 

0 

3-UK) 

17-5 

15 

8 

3r. 





10 

9 

9 





17 

9 

43 





IS 

10 

17 





19 

10 

51 





20 

11 

35 






Morse Tapers. . . No. I 2 3 4 o 6 

Diam. of end—inches *374 '574 *783 1*027 1*484 2*117 

Taper iK.*r foot—inelics . . *005 *0(8) 'OOo *015 ■62.'t *034 

Brown <!• iikarpe Tapns. No. 1 2 3 450789 10 

# JMam. of small cml—inches *20 *25 *313 *35 *45 *50 *00 *75 *90 1*05 

Tatun* iicr foot -inches , *5 ‘r) ‘5 *5 *5 *5 *5 *5 ‘r» *5161 

No. 11 12 13 14 15 IG \1 18 

Biam. of MslI end-inches . 1*25 1*50 1*75 2 2*25 2*50 2*'n5 *3 

Taper pei^foot—inches . -5 *5 *5 *5 *5 *5 *5 *0 

No. of TiMMir 

Jarno Taper, Diam. sniall end -.- 

N(^. of Taper ^ . No. of Taper 

^ Diam. large end - S Length •- 2 

AH Tapers 0*6 inch per foot, or 1 in 20, or 2^^ 51' 40*' deluded angle. 


2 F 3 
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APPENDIX 

MISCELLANEOUS NOTES 


Grinding Solutions .— 

For h&rdoDed stool and cast iron —1| to 2 oz. of soda (washing) to 1 gallon 
of water. 

^ For unhardonod sled, bronze, &c.—either the abovb, or soluble oil I part, 
water 20 parts. ^ 

Density of Wheds .— 

Vitrified—0’09 to O’l lb. })er cubic inch. Silicate—0'105 to 0‘12. 


'Mnhr'a Scale of Hardness .— 

1. Talc. 0. Orthoclone. 


2. Gypsum. 
2. Oalcitc. 

4. Fluor.spar. 
.5. A]iatitc 


7. (^,uartz. 

8. 'I'opa/,. 

0. (Corundum 
10. Diamond 


The hardness of a^fy suWtanco* 
which will scratch any ono of these 
miiuTals, an<l can be scratched by the 
ono next higher in the scale, is said lo 
have a value ludween the numbers of 
lh»‘ minerals. 


Slcfl .— ^ 

The ulliinato tensile st<rength \anes from rilhiMHl lb, per square inch for 
soft steel up to 250,(XH) lb. p(‘r square inch for the higlii Isnaign steels 
(nickel, chrome, \anadmni). 


The elongation at fracture \ari(*s from 2!1 per cent, in a longtJi of 8 inches, 
downwards to 3 per cent, or 4 per cent., accordingto the quality and 
h(‘at and mechanical treatm«*nt. 


1’lie (‘lastic strength (yield-jKnnt stress) \aries from 40.(HMJ4o KiO.OOO lb. 

[)er square inch. Ixuiig fr(un O'b to 0*85 of tlie ultimate stress. 

'J'he clastic extemsion i. proportional to the stress producing it (Hooke’s 
Law). 

Diudilo materials fail ela.s(ically w’hen a ceitain slu-aring stress is rcac-hed 
(Cluest’s Law). 


A material will break after a large numlxir of repetitions of a low'cr (about 
half) stress tiiaii the yield j)i>int (Wohler’s Law), 

Yonns’s .MckIuIus. F. av<‘rag(' 29.r»(M).0(M) lb. per scjuaro inch. 

The Modulus of Iligidity (or Torsion), (!, a\ erage I l,000,0tM) lli. per sq. in. 
Poisson’s Ratio—the ]»roporti<in of side contraction to elongation— 
averages 11*35. 

Weight - 490 lb. }»(‘r cubic foot 0*2Sli). jier culiic inch. 

Sp. gr. - 7*84. 

The e.xjiatisjori per D F. 0*0(KKMMi7 of the length. 

The expansion p»:' 1" C 0*0(MKI12 of the length. 

'I'be Hj). heat i.s O l(»0H3. 

Ti-mpcrature for (arbonisiiig is 800 -900'' C. or 1470" —1550® F. 


Temperature for Jiardening must be above tlie A )«)int (at which rccales- 
ecnei! ^x curs) -- 7tMl'' or inoie. 

1'empcrat.urc bir tempering hardened steel tools - 


Oiown I’liiplo 

510 .530 


J 'uri>»‘ 
550 


iiarxniue rHleiMne 
570 COO 


C«»l(n>r— Straw vllow 

Toirvmturcwn 
degrees J*. 

Slightly (Aerstrained sfee! can be restored Ity annealing aT the liuiling 
point of water. 

Vnifs. rfjr — 

Ciroumfei.'occ of Circle o.t n-ooer.1 o -« / ix 

Diameter • • * ^'^ ^ *416 o^ y (nearly). 


1 inch -■ 2'539098 em. 

1 square inch - ^•45158tt sijuare cm. 


I fiibie inch 16*38702 cubic cm, 
lib. - *45359 kilogramme. 


1 electrical unit (Board of Trade* unit of clcctricjil energy) H. 1 kilowatt 
10(1(1 9 * . 

hour or 1*34 of I b.p. hour. 

• 74() 

1 h.p SCO ft.-lli. JUT second :t3.(HI0 ft.-lb. fier minnio. 

I llrilish thermal iiint (beat required lo raisi- 1 lb. of water at 39° f. 
1° K) ,77s fl..!b. (Joule’s equixaleut). 



INDEX 


.Abrasivks. 17-24, 42, 430 

artificial*: alunduin, 22, 42, 430 
carborundum, 21, 42, 430 
grading fine, 387 
natural corundum, 21, 42, 430 
emery, 20 
gri£atono?», 18 

Accuracy, basin of, in grinding, 13, IT), 

in'griudini!. 4-8, 22(1. 255 2.58. 
420-425 

in lapping, 31H)-31U, 395 
is naluraily ("•fonicd, 4-5 
of machines. ■ i. 220-227. 255- 
258 • 

of roversing, 110-117 
Allowances, easlings, 308 
drop forgings. 214. 308 
for fiiusliing. 218, 235 
for lapping, 390 

in manufatd-uring, 5-10, 215, 21() 
in turning foi grinding, 215, 217. 
420 

Aloxite. Sec Alunduin 
Alundum. 21, 42. 430 
Annealing, 93, 438 

,Arc and area of contact , 01-t»4. 09, 
73-74, 201 

Automatic cross-feod. 119,il02'-172 
croHS-fccd throw-out, 119, 1<)3' 
104 

reveidng nuHdoinisrn. 155-102 
steady, 170-177 


BaLAN^’INU, 35, 30, 105-110, 22t» 
wl da, 35, 30 

B»U bc,.r-ngB 'i.rspindlc-s, 142.143.3.55 
slip occurrence, 143-145 
Balia, grinding, 382 
Bearings, 124-130, 138-140, 42-145, 


384-380 

Belts, cwitrifugal effect in. 148, 149 
for inteimal grinding sinudlea, 200 
lacea, 227 
polishing, 313, 380 
Bond}, clastic, silicat^ and vitrifit'd, 
25-28 ' ’ 


selection of, 45 48. 420-4J10 
# wheel speed dopondtnl on. 28-31 
Brass. 42, 428-430 


Bright drawn steed, 92, 382 
Broaches, 239, 344 
Bronze, 42, 428-430 
Brown & Sharpe ta]»crH, 437 
Brownian Movement, 388 
Burnishing. 387 


C VLii’KRs, micrometer. 407-411 
Cam gi’inding, 372-374 
('ajistan work, allowances in, 215, 
210, 420 

Carbonising steel, 210-218, 438 
(’arbons, diamonds, 39 
C.arborunduin (carbide of silicon). 21, 
42, 430 

Carric^rs, 218 219, 220 
Case-hardened work, 72. 73. 210-218 
438 

Cast iron. 45. 428, 430 

and ombnlded grit. 44 
Caslelliitcd shafts, 3111 
(Vmtrc griiuling IumkIs, 180 
holes. 213. 214, 221 
(Vmtrtis, 218. 220 
8(iuare, 219 

('hains, driving by, 291. 380-382 
(diatigo of work ahajie, 88, 90-93, 307 
Chatter, 98-105. 227-228 
Cliillod iron. 420, 428-430 
(3nps in grinding. 14, 55-415. 70-72 
(3iucks, distortion caused by, 258 
magnetic, 297-302 
split, 258, 2.59 

(learanee, grinding with cup wheels, 
338-342. 435 

disc wheels, 325, 326^331- 
333, 334-338, 434 
of cutters, 310, 317, 319 
secondary, 319, 320, 335 
simplified setting, 333, 343 
Collars, grinding, 277, 278, 358, 359 
(’ollet, for wheels, 145-148 

mechanism in Universal grinders. 
280 X 

Combination grits, 24. 428, 430 
tVmcavo surfaces, grinding, 303, 304 
Connecting-rod pins, grinding, 247 
C'ontrolling factor in disc wheel 
grinding, ti7 -08 


4 
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INDEX 


Cornow, nicking in, 221, 277 
Corundum, 21, 42, 430 
Costs, 10, 237 

Cranlahafta, grinding, 216, 231-233 
Or<|S8.food, 62, 66-69, 74-78, 263-269 
I automatic, 119, 120, 162-172, 
211, 225, 226 

elimination of backlash, 170-172, 
380, 382 

Cr 3 r 8 tolon. (^rborundum 
Cup and cono grinding, 356-360 
Cup wheels, action of, 81-83 
bevelling. 83, 315 
chips from, 55'-57, 83 
chucks, 129-131, 147-148 
grade, 47, 48, 82, 83 
machines using. 292 297, 313 
Cut. depth of. 52. 66-69, 74-78, 119, 
263-269 

Cutters, angular, 332, 337, 338, 341, 
342 

clearance, 315-317, 319, 325-320, 
331-333. 338-339 
|)arallel, 320. 321 
sharpening, 314-350. 372 
tables for setting, 434. 435 
types of. 315, 310 
Cylinder grinders, 239, 245- 2.57 
feed of wheel. 245-255 
grinding, 252, 253 
times, 209 

Cylindrical work, grinding allowannes, 
2li>-217. 420 
lapping, 394, 305 

Dead centres, advantages of, 89.110, 
180 

gears, 197, 228 
I)ulleys. 181), 28(i 

Decimal equivalents of fractions, 430 
tiK'trit;, 430 

Defective work, causes, HO 93. 220- 
229, 255-257 

Diameter of wheel, influence on 
work speed, 69, 203-207, 433 
work, influence on work s)te<wl, 
09, 76-79, 433 
influetice on gra<I(. 77-79 
Diamonds, 38-41 

effect of blunt, 40 
la])S, 40-41 
setting, 39-40 

tools, supporting, 150, 151, 208, 
361, 367 ^ 

Difficulties, due to whecd wrtr in 
internal work, 203-268, 433 
glazing, 52, 74, 75, 224 
untri*3 work, 89-93.226-229 
wasting of wheel, 52, 74, 75, 223 


Disc grinders, 306-313 « 

with rotation work head, 311 
with two wheel heads, 313 
Disc wheel, chips from, 66, 69, 66-67 
theory of ^tion of, 62-81 
Disintegration of wheel face, 14, 15, 
26, 26, 237 • 

Distortion of work—heat offeots, 87, 
90, 243-245, 307, 312 
in internal work, 243-246? 258 
strain otTccts, 90-94 * 

Double head grinder, 313 
Dressers for wheels* 37, 38 
Drill grinding, 218, 302, 303, 360, 361 
Driving of machines, 120-122, 190- 
211, 241, 242 

Drop forgings, 215, 308 • 

Dry grinding, 84, 87, 243, 307, 316 
Dust, 85, 286, 287 • ^ 


Kconomy, 235, 237 
Klastic bond, 27, 28. 45^383, 428-430 
Kl(^ctrieity, use of, in enws-feed throw- 
out, 164 

in driving machines. 204-208 
in magnetic chucks, 297-306 
ill measurement, 403 
Kmery, 2(1 

Kiid and line measurement, 400, 401, 
404, 405 

End mills, sharjH'ning, 334, 335 
End thrust bearings, 128-130 
Errors, due to change of work axis, 
88-89 

due to machine, 226-227, 256,* 
25(i 

due to release of stress. 90-93 
of roundnesH, 89, 231 
Expansion, of work, 88, 244, 245 
of steel, 87, 438 

External (jilain) grinding, timta fo^ 
236, 237, 418 420, 426 
wheels for, 42-48, 428, 430 


Fa(;k cutt<‘rs, sharpening, 334. 335 
Face grinding, 60, 61, 81, 83 
Finish, as affected by grit, 43 
Finishing B[>eeds, 60, 51, 79, 225 
Fits, allowance for va|iouB, 423-426 
Flat surfaces, grindmg, 280-283, 
285-297 

lajiping, 391-394 
Follow rest, 4/8 % 
h'orciKl Hts, 6, 6, 423-425 
viliratiyi. 10,3-105, 227 
Forces invofveil in grinding, 70, 7 
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Form grinding. 166-166, 226, 232, 
366-372 

Formed cutters, sharpemug. 344-347 
Fractions and decimal^equivalents, 
436 t 


(UuoES, flat, 395, 406 
limit, 6-10, 411-415 
► makinL',,U9, 396, 413, 414 
standard, 406 

Goar cutters, sharpening, 344-345 ’ 
grinding teeth of, 361-308 
sotting for grinding liolos, 259 
Glazing of wjieels, 52, 74, 75,224,263, 
267* 

(Jrade of wheels, 14, IS, 25-31, 45-48. 
^ 27-430 

and strength. 30, 31 
effect of changed, 78, 79 
machine h influence on, 48 
selection of. 48, 427-430 
table o^eoeu .vrative, 427 
(iraduation of niaelune tahl(‘s, 181 
Grinding, aliowances for, .5-10, 21.5, 
216, 426 

are of contact in, 61-65, 69, 
7.3-74, 261 

black work, 214, 308 
charaideristics <»f, 1. 3, 10, 11 
controlling hud or in, 52, 67. 68 
dry. 84, 87. 243, 3<f7, 315 
finishing, 235, 236 
flat work, 280-283, 285-297 
h.rm, 165-106, 225, 232, 356- 
372 

Iiardohod stool, 72 ^ 

internal, 239-269 
inagnitudt' of qiianfiiies in, 69, 70 
plaii. (external), 213-238 
quality of surface, 43,232,245 
reasons h>r its adoption. 416. 417 
shoulders. 97, 221, 277, 278 
slender work, 229-231 
solution.^. SO, 87, 218, 438 
Runaoo, V'^-297 
temjwrilture rise in, 71. 72 
theory of, 62-83 
times', 236, 237, 268, 26.', 420 
wet, 85-87, 243, 244 
Grindstones. 17-20 
Grit, 14. 2i\ry, 43, 44 

BiUton an<l Derbyshire, 18, 19 
embedded m work, 44 
, iinish corre8i)|pdi|g to, 43. 44 
protection against, 85, 134 
■ - size of various, 24, 25 
Guards, table, 120, 181-*I88 
wheel, 162 


Hardened work, grinding, 72 
Hardness, 17, 20 

Mohr’s scale of, 438 
Headstocks, plain, 188-197 
secondary, 219 
Heat, effects of, 71, 226 
thermal unit, 438 

Hobs, sharpening spiral, 345, 346, 
372 

Hole, basis of limits, 6-10 
Holes, gauging, 410-414 
lapping, 395 
production of, 239 
test for j>araUeliRni, 257, 258 
HoUow work, 220, 281 

Inch, fractions and decimals table, 
436 

and metric conversion table, 430 
Internal grinders, 2.39-2.55 
Internal grinding, measuring took 
for, 410-414 
narrow wheels, 267 
regimen variable, 263-267 
8 ))indle8 for, 134-143 
times f(»r, 2f>8, 422 
wet. 243, 245 

wheels for, 262, 268, 428, 430 
work speetis, 263-267, 433 
Internal work, lapping, 395 
Iron, cast, 42, 428^30 
chilled, 428-430 


.Jios, 259, 309, 311, 383, 413 


Knvwywa, 214 


Lai-.s, 40, 392-395 
happing, 1, 2, 4, 231, 387-397 
iK^curacy of, 395, 396 
nll(»wanceR for, 390 
cylindrical work, 394-395 
flat work, .391-393 
internal, 395 
machines for, 389 
principles of, 389-391 
spherical work, 391 
Lathe tinish, 235 

work, 215, 216, 426 
tool sharpening, 353-355 
I.imits, 5-11 

gauges, 6,^, 411-413 
on hole or shaft basis, 6-10 
tables for various fits, 422-424 
Link grinding, 374-376 
Loading of wheels, 223 
tjubrication of spindles, 131-134, 385 
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MAohu^b bodies, 178-179 
Magaetio ohoolra, 297-301 
action of, 297-300 
secondary pieces, 305 
Mandrils, 220 
Manufacturing giiuders, special, 37(^- 
380 ' 

Marks on work, chatter, 98, 227-231 
from gears, 219 
travel, 96, 00 

Maximum output, 08, 69> 78, 70, 
225, 234 

wheels for cutter ahari)ening, 
336-338, 429 

Measurement and its basis, 308-410 
English and metric conversion, 
430 

of holes, 412-414 

Measuring rods (spherical ends). 413 
Metal slitting saws, grinding, 301-305 
Micrometers, external, 407-409 
internal, 410-411 
truing anvils, 393-394 
use of, 409 

Microphotographs, 19, 23, 27, 54, 5(! 
Milling cutters, sharpening. 313-346 
Mirror, used on largo grinders, 208 
Mohr’s scale of hardness, 438 
Morse tapers, table, 437 


Nokmal material velocity, 57, 58, 
65-69, 75 
Nozzlw, 153-155 


Oil, on wlieel, 245 
Oilstones, 17, 18 

Ordering wheels, data for, 36, 430 
Output, 68, 09, 78, 79. 225, 234 


*AEALLBL work, 222, 230. 257 
•ause at reverso, 96, 97, 161 
*lain urindors, 180-213 
• development, 180 
characteristics, 180-181 
driving, 190-211 
use of, 218-236 
Haner tools, grinding, 35,3-355 
*oliflhing, 384 387 
belts, 386 

lathes an<l spindles, 384 385 
»ower, 12, 237 ^ 

Veparation of work, 213 -218 
^otection against grit, 85, ] 34 
*umpe, Suitable for grinders, 153, 
154 

i^ofh fits, allowances for, 423-425 


Quality of surface, 43, sI 


Radius truers, 232-234 
Reamers, land in, 316 
Repetition work, 165, 229, 235, 
418-421 • 

Rests for (uitter teeth, 322, 323 
for steady, 120, 172-178 
Heveme. accuracy of, 116, 117 
cushioned, H>2 * 

mochanisiu of, 155-162 
stops (or (logs), 161 
Rods, grinding, 178, 380-382 
Roll grinder, 208 
Running fits, limits for, 423-426 

Saws, grinding, 301 , , 

Screws, lapping, 390 
Selection of wheels, 42-48, 428-430 
of macldnos, 417 
Self-contained grinders, 201-212 
Sotting cutters for eh^arapoe, 325, 326, 
331-333, 338-344 
1 aides for, 434-435 
work ])arallcl, external, 221. 222 
internal, 257 
Shaft basis of limits, 8 
Sliafls, gTinding, 380-382 
Sharpening cutters, 314-350 

clearance with (nip wlieids, a38- 
344 

with disc who(‘ls, 325, 326 
direction of wheel rotation, 336 
(md mills and face, 331-335 
gear and formed, 344-346 
hobs, 345, 372 
incorrect methods, 317, 318 
Sliarpening lathe and jdaiicr tools, 
353-355 
roamei's, 316 
t-aps, 347 

twist drills, 350-352 
Shoulders, facing, 97, 221, 277, 278 
Silicate bond for wheels, 28, 45 
Silicon, carbide of. "carborundum, 21, 
42.430 • 

Slender work, grinding, 229-231 
Solutions for use in grinding, 86, 87, 
218, 438 

Spe(5ds for wheels, 28-32. 48, 49, 431 
for work, 49-51, 74#79, 223-225, 
260-268, 201-292, 432-433 
Spherical 8urfac(*s, lapping, 391 
Spindl(«, wh(W., ^3-143 

driving by chain. 149, 291, 380 
Split chucks, 258, 259 
Springing of'w’ork for grinding, 22^ 
231 
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Square oenTI^^ 219 
ahafts, mnding, 283 
Standards oi measuromunl, 398 
Steadies, 120-, 172-178, 380, 382 
automatic, 170, 17.7 
object of, 228, 229^ 
screw type, 176, 176 
slondor work, springing by,‘229, 
230 

Bpftng VP<^» 173 "176 
Stejl, •expaiis)i,ii of, 87, 438 
grinding; hardonod, 72 
niiscctlanuous data, 438 
wheola for grinding, 42, 428-430 
Stops, roVersing, 100, 101 
sotting rOvorsing. 221 
Straightening, effad of cold, 00-02J 
Strains, initial, 00-03 
Strengtff anti speed of whuols. 28-31 
offect of sharp corners, 221 
of wheel material, 30, 31 
Stress, eff'wts of, 004)3, 220 
Snrfaoo grinders, 2 j -207 

grinding,‘aAs>: h speeds, 201, 202 
Surface, (juahty of litirnished, 387 
ground, 1, 43, 61 
lapped, 2, 387 
polishwl, 2, 38tt, 387 


Tables, guards for, 120, 181-188 
se<'Mon8of 181-180,233 
Tables I-XIV, 423-437 
Tailstoeks, use of spring adjustment, 
88, 221 

Tapers, by swivelling wheel slide, 117- 
* 110 

work table, 11,3-116 ■. 
grindi.ig double. 276-277 
in cylinders, 262 
tables (.f, 437 

Tarry at the reverse, 00, 07, 161 
feeth of cdttors, sharpening, 314-360 
Temper, drawn in grinding, 316 
coil nrs, 438 

Temperutnreetf'cts, 71,87-90,226,307 
Tension idleti,puJeyj to wheel belt, 
190, 201 

Theory of grinding, 62-83 
Umes for oxtomal (plain) work, 230, 
237, 418-421 

internal ^tk, 268, 269, 422 
Tolerances, i>-7 
Tod grinders, 163, 363-366 
Tool steel work, 214 » 

Toofli rests for outlTrs,^22-324 
irravel marks, 96, 00 
Ttlvelling the wheel or*the work, 
• .112-113 


Traverse, actiop of, 80 

marks on work, 95, 95 ' 
motion, driving, 190-192 
rate of, 94-90 

Truing wheels, 37, 38, 160-162 

for formed grinding, 262, ^3, 
368, 363 

Turning, allowanoos for grinding, 
216, 216, 426 

for case hardening, 216-218 
Twist drills, grinding, 218, 302; 303 
sharpening, 360, 361 


UsivERSAL cutter holders, 349, 350 
grinders, 3. 110-122, 270-275 
swivelling crossways, 117- 
119, 276 


ViBKATioN, .52, 76, 98-105. 227-231 
caustvi of, 104, 106, 227 
checking, 179, 227-231 
damping, 102 
forced, 103-106 
free, 98-103 

Vitrified bond for wheels, 26, 27, 45, 
429, 430 

Water in external (plain) work, 
86-87, 90, 120 

in internal work, 243-246, 200 
solutions nse<l, 86, 87, 218, 438 
supply, 226 

Wave length of light in measurement, 
399 

Ways, types of, 116 ' 

Wheels, abrasives, 17-24, 42, 430 
action of. 12-14 
and the work, 42-83 
area of contact of, 61-64, 69, 
73, 74, 261 
balancing of, 36, 30 
Iwnds for, 26-28, 429, 430 
chips from, 14, 55-66, 70-72 ; 7 
ccUets for, 32, 33, 146-148 
cutting points on, 63-66 
density of, 438, 
direction of rotation, 49, 336 
dressers for, 87 

effect of diameter on work speeds, 
205 

elastic, 27, 28, 46, 383. 428-430 
examination of, 32, 48 
face of, 27, 77 

glasing of, 62, 74,'. .76, 224, 263, 
267 

grades of, 14, 18, 26-31) 45-4f 
427-430 • 

tables of bomparative, 427 



IWIX 


gnt of, 14, 24, 26, 43, 44 
gukrcJs for, 162 
gyroscopic effect of, 262 
hardness of = grade ^ 
lioles, standard, 371 
insetted seg^nent, 34 . 
forfnternal work, 262,268 
» Umiting diameter for cutter 
sharpening, 333, 336-338 
mounting of, 32-35, 222 
ordering, 36, 430 
selection of, 42-48, 428-430 
shapod, 36 ^ 

Hilicato, 28, 45 
soft, advantages of. 238 
speed of, 28-32, 48, 40, 431 
offoot of, 80 
limitation of. 28, 29 
peripheral should ho constant, 
29 

spindles, 123-143 
sti'engih of, 28-31 
truing, 37, 150-152, 222, 232, 
t 233, 358 

vitriHod, 26, 27, 45, 429, 430^ 
wear of, checking, 52, 74, 75, 
223, 263-267 

why truth is so necessary in, 13, 
94-97 

W'ido, advantage of, 13 
width of. for internal wt>rk, 2tl0- 
262. 267, 428, 430 


Work and the machine,r 84^122 

case hardened or carbonised, 
216-218,438 ^ 

drivii^ the, 199, 264, 218-220 
bandit more than once, 223 
hardened;72, 73, 218 
holding for internal grinding, 
258-260 
hollow, 220 

Ijarallol, external (plain), 219-222 
internal, 257 ’ 
proparatmn of, 213-218 
rejK'tition, 16.5, 229, 235, 418- 
421 

8 )>indle. live. 278-280 
sloudor. 229-231 ' 

speeils, 49-51. 74-79, 230-268, 
432, 433 

effect of who(}!l diameter, 
205- 267 

of work diameter, 74-79 
finishing. .50, 79. 226 
illusion of standard, 79 
in internal grinding. 26J)- 
267, 433 

methods of changing. 190, 
• 212 

modern and former. 49. 50 
selection of. 49-80. 224, 
260-267, 432, 433 
taper, 113-119, 27.5-277 
Worm grinding, 369-372 
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